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A METHOD IN QUALITY CONTROL OF A SPECTROPHOTOMETER 



FIELD OF THE INVENTION 



5 



The present invention relates to a method in quality- 



control of a spectrophotometer for monitoring perform- 
ance of the spectrophotometer, such as an oximeter for 
measurement of blood parameters . 

10 BACKGROUND OF THE INVENTION 

Spectrophotometers for measuring the composition of a 
substance by absorption spectroscopy are well known. 
For example, oximeters are used to determine 
15 concentrations of various hemoglobin components or 

fractions in blood samples from measuring an absorption 
spectrum in the visible and/or infrared wavelength 
range. Such an oximeter is disclosed in EP 210417. 

20 In absorption spectroscopy, determination of a spectrum 
of a fluid sample is performed by transmission of light 
through a cuvette containing a part of the sample. 

Absorption spectroscopy is based on Lambert -Beer 1 s law 
25 according to which the absorbance determined for a sam- 
ple containing a single optically active component (a 
dye) is directly proportional to the concentration of 
the component and the length of the light path through 
the sample in the cuvette: 



30 



A (A.) = eU)cd 



(1) 



in which 



35 



A (A,) is the determined absorbance at wavelength X, 
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e(X) is the molar extinction coefficient for the compo- 
nent at wave length X . 

5 c is the molar concentration of the component, and 

d is the length of the light path through the cuvette 
holding the sample. 

10 The absorbance A (A,) of the sample is defined as the 
logarithm of the ratio of the light intensity before 
and after transmission through the sample. In practice 
the absorbance A(X) is defined as the logarithm of the 
ratio between the light intensity, I 0 transmitted 

15 through a transparent aqueous reference solution and 
the light intensity transmitted through the sample: 

A (X) = log ^ (2) 

2 0 For samples containing more than one optically active 
component, the total absorbance A total is the sum of the 
individual components' absorbances since absorbance is 
an additive quantity. Thus, with Y optically active 
components in a sample the total absorbance is given by 

25 

A total 00 = 2>y(*) C Y d (3) 

In a sample spectrum, the absorption A total (X) recorded 
at each wavelength X contains contributions from each 
30 of the components in the sample. The magnitude of this 
contribution and thereby the concentration of each com- 
ponent in the sample is determined according to 
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in which 

5 J is the total number of wavelengths X 6 at which absorp- 
tion is determined by the spectrophotometer and Ky(X^) 
is a constant specific for component y at wavelength 

10 The vectors Ky(X) may be determined mathematically by 

using methods such as multivariate analysis, or solving 
n equations with n unknowns, on data from reference 
samples . 

15 It is also known to monitor performance of spectropho- 
tometers, such as oximeters, by a measuring the absorp- 
tion spectrum of a fluid quality control sample, QC 
sample, with the spectrophotometer in question. 

20 Known quality control samples specific for blood analy- 
sis are typically red dye based samples designed to 
simulate the spectrum of blood. In addition to a red 
dye, they sometimes contain certain amounts of oxygen, 
carbon dioxide, and electrolytes at an established pH 

25 for determining performance of blood gas and electro- 
lyte instruments. Synthetic QC samples having an ab- 
sorption spectrum that closely mimics that of physio- 
logical blood have not yet been provided. 

3 0 Quality control of spectrophotometers, such as an ox- 
imeter, is typically performed by measuring the absorp- 
tion spectrum of a QC sample comprising three to four 
different dyes. The dyes are mixed in a proportion so 
that the QC sample absorption spectrum mimics the ab- 
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sorption spectrum of blood. A spectrum of a QC sample 
is measured on the oximeter to be monitored and the pa- 
rameter values determined by the oximeter are compared 
with predetermined control limits assigned to the QC 
5 sample by a qualified person. If the determined parame- 
ters are outside the corresponding control limits, 
servicing of the oximeter is required. 

In WO 96/3 0742 a quality control method for monitoring 
10 performance of an oximeter is disclosed. The method 
comprises measuring the absorption spectrum of a QC 
sample and comparing it to a standard spectrum of the 
QC sample. Instrumental errors of the oximeter are con- 
sidered to be the primary source contributing to the 
15 observed difference. Instrumental errors are converted 
into blood component concentration values so that in- 
strument errors can be reported in terms understood by 
the operator of the instrument. 

20 It is an important disadvantage of known quality con- 
trol methods that, typically, known QC samples comprise 
3-4 different dyes, causing long-term stability of the 
sample to be less than desired. To compensate for this, 
parameter value acceptance ranges in an oximeter may be 

2 5 widened leading to a more relaxed performance monitor- 
ing than desired. 

It is another important disadvantage of known quality 
control methods that it is impossible with known qual- 

30 ity control methods to distinguish between different 

types of instrument errors and to determine an individ- 
ual contribution to deviation in parameter values from 
a specific type of instrument error. Thus, parameter 
value acceptance ranges have to be sufficiently wide to 

35 accommodate any possible type of instrument error. Fur- 



WO 99/66310 



PO7DK99/00313 



5 



ther, a quality controlled spectrophotometer cannot be 
diagnosed if the determined parameter values lie out- 
side the acceptable ranges. For example, a defect spec- 
trophotometer with a wavelength shift may introduce the 
5 same deviation in the determined parameters as seen by 
dilution of the QC sample. 

Future spectrophotometers are expected to facilitate 
determination of absorption spectra with improved reso- 
10 lution whereby instruments of higher precision and 

specificity are provided. High resolution measurements 
of spectra makes it more difficult to develop a suit- 
able QC sample since precision and long term stability 
requirements are increased. 

15 

One of the most significant errors occurring in spec- 
trophotometers is a wavelength shift. Due to manufac- 
turing tolerances and drift during use, each spectro- 
photometer positions a determined spectrum slightly 
20 differently along the wavelength axis. Therefore the 

wavelengths at which absorbance is determined are also 
positioned slightly differently for different spectro- 
photometers and thus, determined absorbances will vary 
for different spectrophotometers. 

25 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
30 quality control method that facilitates the determina- 
tion of various types of spectrophotometers errors, 
whereby an accurate diagnosis of an instrument failing 
the QC test is provided. 
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An instrument error affects the spectrum of a sample, 
and specific types of instrument errors affect the 
spectrum in a distinct way that may be interpreted like 
the presence of a component in the sample in a differ- 
5 ent concentration. For example, a variation of the 

length d of the light path through the cuvette causes 
determined absorbances A (A.) to vary according to Lam- 
bert-Beer's law (absorbance is proportional to d) , and 
unintentional dilution of the sample in the cuvette af- 
10 fects the determined absorbance in the same way, etc. 



It is an important aspect of the present invention that 
the wavelength shift of a spectrophotometer is deter- 
mined by forming a Taylor series of a known absorption 
15 spectrum or a reference spectrum of a certain component 
in a sample. After determination of an absorption spec- 
trum of a sample comprising the component with the 
known absorption spectrum, the wavelength shift is de- 
termined . 

20 

An absorption spectrum of a sample may be defined by a 
vector A^CA.) comprising at least two elements, each of 
the elements representing an absorbance of the sample 
at a specific wavelength X^ . 

25 

A method in quality control of a spectrophotometer is 
provided, comprising the steps of 

determining with the spectrophotometer a spectrum A m (A,) 
3 0 of a fluid QC sample containing a dye, and 

determining a wavelength shift AA from Cax(A,)« A ffi (A),in 
which C&x(X) is a predetermined coefficient vector pre- 
viously stored in a memory of the spectrophotometer. 

35 
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In a preferred embodiment of the method according to 
the invention the wavelength shift AA, is determined af- 
ter normalisation of the determined spectrum A^ (A) with 
an estimate of the concentration of the dye. 

5 

In a further preferred embodiment of the method accord- 
ing to the invention Ca^(A) has been determined from a 
combination of a reference spectrum A 0 (A) of a refer- 
ence sample containing the dye and a first derivative 
10 A 0 ' (A) of the reference spectrum. 

In an approximation, only the first order derivative of 
the reference spectrum is considered: 

15 A m (A) = A 0 (A) + AA, A 0 'U) (5) 

in which A 0 (A) is the reference spectrum, A 0 ' (X) is its 
first derivative with respect to the wavelength X, AA 
is the wavelength shift to be determined, and A^CA) is 
20 a spectrum of the sample with the known spectrum A 0 (A) 
measured by the spectrophotometer in which the wave- 
length shift is to be determined. 

AA, may be determined according to various mathematical 
25 methods known in the art, e.g. the equation above may 
be solved for a selected wavelength, the equation may 
be solved for a set of selected wavelengths and AA, be 
calculated as an average of the solutions for AA, to the 
equation, AA, may be determined by a least squares fit, 
30 AA may be determined by multivariate analysis, etc. 

The invention further provides a method of preparing a 
spectrophotometer for quality control, comprising the 
steps of 
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determining a first reference spectrum A 0 {X) of a ref- 
erence sample containing a dye of a first concentration 
with a reference spectrophotometer, 

5 determining a first derivative A 0 • (X) of the first ref- 
erence spectrum of the dye, and 

determining from at least the first reference spectrum 
A 0 (A) and the first derivative of A 0 (A,) a mathematical 
10 parameter from which a wavelength shift AX of the spec- 
trophotometer can be determined, and 

storing the mathematical parameter in a memory of the 
spectrophotometer . 

15 

Further, a spectrophotometer is provided comprising 

a memory with a mathematical parameter for the determi- 
nation of a wavelength shift AX, of the spectrophotome- 
2 0 ter, and 

a processor that is connected to the memory and that is 
adapted to calculate the wavelength shift AA, from the 
mathematical parameter and from a spectrum A* (A.) deter- 
2 5 mined with the spectrophotometer on a fluid QC sample 
containing a dye . 

The mathematical parameter as mentioned above may com- 
prise the first reference spectrum A 0 (X.) and the first 
30 derivative A 0 1 (X) of the first reference spectrum A 0 (A) 
at a selected wavelength X 0 or at a selected set of 
wavelengths X 0 , X lt . . . , X L , etc., or a parameter derived 
from the spectra, such as the parameter C&x(X) . 
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Preferably/ the step of determining a mathematical pa- 
rameter comprises the steps of 

calculating a set of calibration vectors B ± (X) accord- 
5 ing to 

B ± (X) = s ± A 0 (X) + s i3 A 0 ' (X) (6) 

in which i = 1, 2, . . . , N (N>1) and s i and s i3 are con- 
10 stants of selected values, 

determining a coefficient vector C&x(X) constituting 
the mathematical parameter so that each set of corre- 
sponding values s i3/ B ± satisfies: 

15 

s i3 = c AX (X) • B ± (X) , i = 1,2, N (7) 

The step of determining the wavelength shift AX may 
comprise the step of calculating AX from Cax(X)« A^tX) . 

20 

Since the parameter AX. is proportional to a total con- 
centration c qc of the dye, AX is typically normalised 
with c qc or an approximation to c qc/ e.g. when the dye 
is a two -component dye, such as Sulf orhodamine B, AX is 

25 preferably normalised with a concentration of a first 

component of the dye s x . The normalisation of AX with s x 
is desirable when there is a difference between the 
concentration of the dye in a reference sample from 
which the reference spectrum was determined, and the 

30 concentration of the dye in the QC sample. 

Thus, in a preferred embodiment of the spectrophotome- 
ter according to the invention, the mathematical pa- 
rameter stored in the memory constitutes a vector C Ax (X) 
35 from which the wavelength shift AX may be determined. 
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According to a second important aspect of the inven- 
tion, the QC sample comprises a dye with two components 
in a chemical equilibrium where the ratio between the 
5 concentration of each component varies with the total 

concentration of the dye. In this case the shape of the 
absorption spectrum is dependent on the total concen- 
tration of the dye. This characteristic of the dye 
makes it possible to distinguish between a concentra- 
10 tion measurement error caused by undesired dilution of 
the sample in the cuvette, and a measurement error 
caused by light path changes in the cuvette. 

Thus, the method of preparing a spectrophotometer for 

15 quality control may comprise determining a first refer- 
ence spectrum A 01 (X) of a reference sample containing 
the dye in a first concentration and determining a sec- 
ond reference spectrum A 02 (X) of a reference sample con- 
taining the dye in a second concentration with the ref- 

20 erence spectrophotometer, the dye comprising a first 
component and a second component in chemical equilib- 
rium. Mathematically two model spectra A x (^) and A 2 (X) 
that represent spectral information about the first and 
the second component, respectively, may be derived from 

25 the first and second reference spectra A 01 (X) and A 02 (X) 
in such a way that the spectra of the reference samples 
can be calculated as a weighted sum of A X (X) and A 2 (X) . 
For example, A 1 (X) and A 2 (X) may be the individual spec- 
tra from the two components, respectively, of the dye, 

30 or, A 1 (X) may be the sum of the individual spectra from 
the two components while A 2 (A.) may be the difference 
between the individual spectra of the two components, 
etc. Preferably, A X (X) and A 2 (X) are determined from 
reference spectra & Q1 (X) and A 02 (X) by Principal Compo- 

3 5 nents Analysis (PCA) . 
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The spectrum A^A,) determined by the spectrophotometer 
is then given by 

5 A^U) = s^U) + s 2 A 2 (A,) + AX A 0 ' (X) (8) 

Each of the parameters s lf s 2/ and AX may be determined 
by mathematical methods, such as multivariate analysis 
on data obtained from reference samples . The step of 
10 determining a mathematical parameter may comprise the 
steps of 

calculating a set of vectors B ± (X) from 

15 B ± (X) = s ix AjU) + s i2 A 2 (?t) + s i3 A 0 '(^) (9) 

in which i = 1, 2,..., N (N>1) and s il# s i2 and s i3 are 
constants of selected values, 

2 0 determining a vector C&x(X) constituting the mathemati- 
cal parameter so that 

s i3 = C^iX)* B ± (Jl), i = 1,2 ,N (10) 

25 Further, the mathematical parameter may comprise a vec- 
tor C X (X) fulfilling that 



S n = C x (X)m B ± (X) , i = 1,2,...,N (11) 

30 

and still further, the mathematical parameter may also 
comprise a vector C 2 (X) fulfilling that 



s i2 = C 2 (X># B L (X) , 



i 



= 1,2 N 



(12) 
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The method in quality control of a spectrophotometer 
may utilise a QC sample containing the dye in a known 
concentration c qc and comprising the first and second 
components, and may further comprise the steps of 

5 

calculating parameters s 1 and s 2 from 

Sl = C^A.)* A^U) (13) 

10 S 2 = C 2 (X)^ A^OO (14) 

in which C 1 (X) and C 2 {X) are the predetermined vectors 
previously stored in the memory of the spectrophotome- 
ter, and 



15 



20 



25 



30 



calculating an estimated concentration c est of the dye 
from 

c est = a s, + b s 2 (15) 

in which a and b are predetermined constants previously 
stored in the memory of the spectrophotometer, and s 1 
and s 2 represents concentrations of a first and a sec- 
ond component, respectively, of the dye. 

Likewise, in a preferred embodiment of the invention 
the memory of the spectrophotometer may further com- 
prise vectors C^iX) and C 2 (X) fulfilling the equations 
(13) and (14) . 

The memory may also comprise predetermined constants a 
and b and the processor may be further adapted to cal- 
culate the concentration c est of the dye according to 
equation (15) 



35 
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c est = a s, + b s 2 

It is preferred that the dye has a spectrum with a sig- 
nificant absorbance peak with a steep flank within the 
5 measurement range of the spectrophotometer in order to 
accurately determine small wavelength shifts. For exam- 
ple, when the sample to be analysed is blood, a wave- 
length shift of 0.05 nm is sufficient to cause an inac- 
curate determination of several blood parameters, such 
10 as ctHb, s0 2 , F0 2 Hb, FHHb, FCOHb, PMetHb, etc. 

Further, it is preferred that the spectrum of the QC 
sample resembles spectra of samples, which the spectro- 
photometer in question is intended to analyse so that 
15 performance of the instrument can be monitored. 

For example, in blood analysis important blood compo- 
nents have significant absorbances in the wavelength 
range from 480 to 67 0 nm. Thus, a dye with a spectrum 

20 resembling a blood spectrum and having a significant 

absorbance peak in the range from 4 00 to 8 00 nm, pref- 
erably from 480 to 670 nm, and having a steep absorb- 
ance flank, such as a flank having steepness larger 
than 40 mAbs/nm, preferably larger than 50 mAbs/nm for 

25 a light path length of 100 jam, is preferred for use in 
the methods according to the present invention. The dye 
should, preferably, also have a molar extinction coef- 
ficient in the range from 10,000 to 100,000. 

3 0 The dye may belong to one of several chemical classes, 
such as cyanine dyes, azacyanine dyes, triarylmethine 
dyes, acridine dyes, azine dyes, oxazine dyes, thiazine 
dyes, xanthene dyes, etc. Dyes belonging to the first 
four classes are typically cationic dyes being water 

35 soluble due to the molecule's positive charge. The xan- 
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thene dyes include the cationic and neutral rhodamines 
and the anionic • sulforhodamines among which Sulforho- 
damine B is a preferred dye. 

5 According to a preferred embodiment of the invention, 

the spectrum of reference samples containing the dye in 
at least two different concentrations is determined, 
e -9- by an accurate reference instrument of the same 
type as the spectrophotometer to be quality controlled, 

10 at a selected set of wavelengths. Then the coefficient 
vectors C-l (A,) , C 2 (A.) and C&x(X) and the constants a and 
b are determined, e.g. by multivariate analysis, and 
stored at the time of manufacture in the memory of the 
spectrophotometers to be quality controlled by fluid QC 

15 samples when put into their normal use. 

On manufacture of a QC sample the concentration c qc , 
the ratio s 2 / s ± denoted Q ref and an initial wavelength 
shift AA qc may be determined by a reference spectropho- 
20 tometer. The initial wavelength shift of the QC sample 
emerges mainly from a variation in the composition of 
the solvent of the dye in the QC sample. 

A label, such as a bar-code label, a magnetic label, 
25 etc, may be attached to each of the QC samples contain- 
ing one or more of the values c qc Q ref and AA qc in ques- 
tion. Alternatively one or more of the values may be 
printed in a bar code on a paper sheet following a set 
of QC samples. The values appearing on the labels or 
30 paper sheet are designated assigned values. 

During quality control of a specific spectrophotometer, 
the assigned values of c qc , Q ref and AX qc are read by the 
spectrophotometer and the values are stored in its mem- 
3 5 ory. Then the spectrum of the QC sample is determined 
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and s 1# s 2 , and AX are determined as previously de- 
scribed. The determined values for Q est = s 2 /s lf AX and 
c est are also calculated and compared to the assigned 
values of Q ref/ AX QC and c qc , respectively. 

5 

A possible dilution of the QC sample may be determined 
from a difference between Q est and Q ref/ and the combined 
effect of dilution and deviations in length d of the 
light path through the cuvette may be determined from a 
10 difference between c est and c qc . 

The estimated parameter values, such as AX, c est , and 
Q esc , may be used for determination of parameter values 
of samples, the analysis of which the spectrophotometer 
15 is intended for, so that the outcome of the quality 

control procedure can be reported by the instrument in 
quantities meaningful for an operator of the instru- 
ment . 

2 0 For example, in an oximeter for determination of blood 

parameter values, the theoretical modifications to one 
or several predetermined standard blood spectra caused 
by a measurement error corresponding to one of the pa- 
rameters AX, c est , and Q est determined in the quality 
25 control procedure may be calculated by the oximeter. 

From the modified spectra, the oximeter may calculate 
corresponding blood parameter values to be reported to 
the operator of the instrument . 

3 0 The predetermined standard blood spectra may either be 

stored in the memory of the oximeter, or they may be 
derived mathematically by the processor in the oximeter 
from predetermined spectra of each blood component com- 
prised in the standard blood samples. 

35 
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In a preferred embodiment of the invention predeter- 
mined control limits for the reported blood parameter 
values are printed on a sheet of paper following a set 
of QC samples. The operator may compare blood parameter 
5 values reported by the oximeter with the predetermined 
control limits on the paper sheet, and determine 
whether the reported values are within the control lim- 
its . 

10 The predetermined control limits may also be stored in 
a label of the QC sample which label is read by the ox- 
imeter so that the oximeter is adapted to perform the 
comparison between the reported blood parameter values 
and the corresponding control limits. 

15 

According to a third important aspect of the invention, 
a method for repressing absorption spectra of interfer- 
ing components or substances in a fluid sample, is also 
provided . 

20 

In the present context an interfering component in a 
sample is a component other than the preselected compo- 
nents for which the spectrophotometer is adapted to re- 
port parameter values, and the presence of said inter- 
25 fering component in the sample may interfere with the 

absorption spectrum of at least one of said preselected 
components . 

In a determined sample spectrum, the absorbance A^A.) 

3 0 recorded at each wavelength X contains contributions 
from each of the components in the sample including 
said interfering components. The magnitude of the con- 
tribution and thereby the concentration of each compo- 
nent in the sample is determined according to equation 

35 (16) or equation (17) below 
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j=i 

or the equivalent form 

5 c y = K y U) ■ A m (^) (17) 

The vectors Ky(^) may be determined mathematically by 
using methods, such as multivariate data analysis, or 
solving n equations with n unknowns from data obtained 

10 from reference samples. By including one or several in- 
terfering components or substances in the reference 
sample, of which the reference spectrum is determined, 
one or several of the vectors Ky(X) corresponding to 
one or several of the interfering components may be de- 

15 termined. The vector or vectors K y (X) corresponding to 
the interfering components are generally designated 
K int (X) and stored in the memory of the spectrophoto- 
meter together with the vectors Ky(X) . 

2 0 The spectrophotometer may further provide one or 

several predetermined vectors, A int (X) , representing 
spectral information of the interfering components. 
Each A int (X) is obtained at a reference concentration 
c ref , whereby the spectrum of any interfering component 
25 may be derived at the determined concentration of the 
component according to Lambert -Beer 1 s law, equation 
(1) - 

In an embodiment of the invention, the effect of the 

3 0 interfering components on determined blood parameter 

values is minimised by following a three stage process, 
in the following denoted "repression of spectra of in- 
terfering components" . 
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First stage is to determine the concentration of inter- 
fering components in the sample. Second stage is to de- 
termine a modified spectrum of the sample by subtract- 
ing the spectrum of the interfering component of the 
5 determined concentration from the measured spectrum 
A^A,) of the sample. Third stage is to determine con- 
centrations of blood components c y and parameter values 
of blood components from the modified spectrum. 

10 According to the invention, a spectrophotometer with 
repression of spectra of interfering components in a 
fluid sample is provided, for determination of a con- 
centration c y of a component y of a sample and wherein 
the memory further comprises 

15 

at least one vector A int (X) representing spectral infor- 
mation of an interfering component in the sample at a 
concentration c int , and 

20 at least one vector K int (X) , and wherein 

the processor, is further adapted to 

calculate the concentration c int of the interfering com- 
25 ponent according to 

^ int ~ ^int 

U)* Z^iX) (18) 

and if c int is greater than a predetermined threshold 
30 value, c ref , modify the measured spectrum ^{^1 accord- 
ing to 

A^a (X) = A m (X) - ^ A int (*) (19) 

c ref 



35 



A nod (X) being the modified spectrum, and 
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determine c y from the modified spectrum \, od (X) accord- 
ing to 

5 c y = KyiX)' A^iX) (20) 

whereby the effect of interfering components on deter- 
mined concentrations c y is minimised. 

10 The measured spectrum is only modified if the deter- 
mined concentration of the interfering component is 
above a predetermined threshold value. This is because 
the modification of the measured spectrum creates some 
undesired "process noise" in the modified spectrum, due 

15 to an uncertainty in the estimate of the spectrum of 
the interfering component. This addition of "process 
noise" in the modified spectrum is only justified when 
the concentration of the interfering component in the 
sample is larger than the threshold value. 

20 

An oximeter for blood analysis may provide several pre- 
determined vectors for interfering components or sub- 
stances of clinical importance and provide correspond- 
ing values of the vectors K int (X) in the memory. The in- 

2 5 terfering components may be chosen among components, 
which have previously caused significant interference 
in oximetry measurements, such as Fetal Hemoglobin, 
Bilirubin, Cardio Green, Evans Blue, Methylene Blue, 
Intralipid, HiCN, SHb, etc. By repressing the spectra 

30 of these components an oximeter with better precision 

in measurement of blood parameter values than currently 
available instruments is provided. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described with reference to 
the drawings, wherein 

5 

Fig. 1 is a block diagram of an oximeter according to 
the invention, 

Fig. 2 is a schematic diagram of a wet section of an 
oximeter according to the invention, 
10 Fig. 3 shows main components of a spectrometer, i.e. 

the optical part of an oximeter according to the inven- 
tion, 

Fig. 4 shows compositions of QC samples levels 1-4. 
Fig. 5 shows absorption spectra of Sulf orhodamine B in 
15 three concentrations, 

Fig. 6 shows two normalised model spectra determined 
with Principal Component Analysis from Sulf orhodamine 
B, 

Fig. 7 is a table comprising parameter values of blood 
20 samples each related to one of QC sample levels 1-4, 

Fig. 8 shows absorption spectra of four standard blood 
samples related to quality control levels 1-4, 
Fig. 9 is a graph of a variable F neon plotted against 
the wavelength of light striking two photodiodes in the 
25 spectrometer, 

Fig. 10 shows response curves of photodiodes located in 
wavelength channels 70, 71 and 72. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

30 

Fig. 1 is a block diagram comprising a spectrometer 1 
in an oximetry module (not shown) connected to a 
printed circuit board 2 with a data cable 6 comprising 
electrical conductors. The printed circuit board 2 con- 
35 trols and collects data from the spectrometer 1. The 



WO 99/66310 



PCT/DK99/00313 



21 



data collected are transmitted to a data processing 
unit 3 comprising a memory (not shown) and a processor 
(not shown) . Values of predetermined coefficient vec- 
tors C X (A,) , C 2 (A,) and Cax(^) are stored in the memory. A 
5 barcode reader 5 is adapted to read data from bar-code 
labels mounted on QC samples or on a paper sheet en- 
closed with a set of samples, and transmits data to the 
data processing unit 3 via a data management computer 
7. A power supply module 4 supplies power to the oxime- 
10 try module from a mains connection. 

Fig. 2 is a schematic diagram of a wet section of an 
oximeter according to the invention, wherein a blood 
sample (not shown) is entered into the oximeter through 
15 an inlet probe 20. The sample is transferred to a cu- 
vette 74 . A preheater 15 is positioned along the sample 
path 3 0 to heat the sample to a substantially constant 
temperature of 3 7 °C . Pumps 10 are used to pump liquids 
and gasses through the wet section. 

20 

Fig. 3 shows the main components of the spectrometer 1, 
wherein a light beam 75 with constant intensity is 
transmitted from a halogen lamp 70 to the cuvette 74 
which comprises the blood or QC sample and is included 

25 in a hemolyzer 79. The blood sample is hemolyzed by 
means of ultrasonic waves. Hemolyzing is a process, 
which ruptures the walls of the red blood cells in the 
sample, thereby making the blood cells release their 
content of hemoglobin. The light beam 75 is transmitted 

30 to the cuvette 74 through an infrared filter 71, and a 
biconvex lens 72. After passing through the cuvette 74, 
the light beam 75 is transmitted to a measurement sec- 
tion 76, by means of an optical fibre 77. The light 
beam 75 passes through a thin slit 78, whereby the beam 
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75 is directed towards a concave grating unit 80, dif- 
fracting the light beam 75 according to wavelength. 

The concave grating unit 80 focuses light on a photodi- 
5 ode array 83, to which a diffracted light beam 82 is 

transmitted. The photodiode array 83 may consist of 12 8 
photodiodes, and the array 83 is arranged in such a 
manner that light comprising a range of wavelengths of 
approximately 1.5 nm in the diffracted light beam 82, 

10 strikes a photodiode (not shown) , which converts the 

light into a current substantially proportional to the 
light intensity which strikes it . By measuring the 
value of the current in each of the 12 8 photodiodes of 
the photodiode array 83, a discrete intensity spectrum 

15 of the light beam 82 after transmission through the 

sample is produced. From this intensity spectrum an ab- 
sorption spectrum of the blood sample comprised in the 
cuvette 74 may be determined by the oximeter. 

20 The absorption spectrum is measured in 128 channels lo- 
cated in the wavelength range 4 78-672 nm in the pre- 
ferred embodiment of the invention. A channel is, in 
the present context, the part of the spectrum which is 
transmitted to a particular photodiode in the diode ar- 

25 ray 83 . 

According to the invention a wavelength shift of the 
oximeter is determined in the quality control proce- 
dure. It is preferred that four different types of 

30 quality control samples (QC samples levels 1-4) are 

provided, cf . Fig. 4. The QC levels comprise Sulforho- 
damine B in different concentrations. Increased reli- 
ability in the quality control of the oximeter is pro- 
vided by measuring the absorption spectrum of QC sam- 

35 pies at several QC levels. By utilising QC samples com- 
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prising Sulf orhodamine B in different concentrations, 
it is ensured that the oximeter measures blood parame- 
ters correctly over a wide range of component concen- 
trations in blood samples. 

5 

, In solution Sulf orhodamine B shows long term stability. 
The steep absorbance flank allows an accurate determi- 
nation of the wavelength shift of the oximeter, since 
even very small wavelength shifts produce a large 
10 change in the measured absorbance at a given wavelength 
of a Sulf orhodamine B containing sample. 

In aqueous solution Sulf orhodamine B is a dye with two 
components in a chemical equilibrium where the ratio 

15 between the concentration of each component in the dye 
varies with the total concentration of the dye. In this 
case the shape of the absorption spectrum is dependent 
on the total concentration c ± of the dye. This may be 
seen in Fig. 5, which shows three absorption spectra 

20 A 01 (A.) 110, A 02 (A,) 111 and A 03 (X) 112 of Sulf orhodamine B 
samples determined at the total concentrations 2.5058 
mmol/kg, 1.6705 mmol/kg and 1.0023 mmol/kg, respec- 
tively. The Sulf orhodamine B samples correspond to QC 
levels 1-3 as shown in Fig. 4. 

25 

Mathematically, two model spectra A^A,) 105 and A 2 (X) 
106 as shown in Fig. 6 may be derived from at least two 
reference spectra, e.g. A 01 (A,) 110 and A 02 (X) 111 of 
Fig. 5, wherein the two model spectra represent spec- 
30 tral information about a first and a second component, 
respectively of Sulf orhodamine B, in such a way that 
the spectrum of the dye can be calculated as a weighted 
sum of A X (X) and A 2 (A,) . 
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The two model spectra are, preferably, determined by 
Principal Component Analysis (PCA) , whereby two or- 
thogonal vectors are determined constituting the mathe- 
matical model spectra, A 1 (X) and A 2 (X) . A set of scores 
5 or parameters s ±1 and s i2 is also provided by the PCA 
analysis for each concentration of the dye, as the 
spectrum of the dye at a concentration c ± can be calcu- 
lated as a weighted sum of model spectra (X) and A 2 {X) 
and their corresponding scores or weights s n and s i2 . 

10 

The PCA analysis may be provided by several computer 
programs, which are commercially available. The program 
used in the present embodiment is the "Unscrambler " . 
The two model spectra A x (X) 105 and A 2 (X) 106 shown in 
15 Fig. 6 are determined by PCA from the three reference 
spectra A 01 (X), A 02 (X) and A 03 (A.) with "Unscrambler". 

The reference concentrations of the dye in the solution 
at which the reference absorption spectra A 01 (X), A 02 (X) 

20 and A 03 (X) are measured, are determined from the weight 
of the dye, Sulf orhodamine B in powder form and the 
volume of the solvent. The reference absorption spectra 
are determined by measuring the absorption spectra of 5 
samples containing Sulf orhodamine B at each reference 

25 concentration, and determining an average value for the 
reference spectrum for each concentration. The refer- 
ence absorption spectra of the samples are measured by 
a reference oximeter, which by definition has a zero 
wavelength shift. 

30 

In practice, an oximeter not specifically appointed and 
handled as a reference oximeter will always exhibit some 
wavelength shift AX whereby a measured absorption spec- 
trum P^iX) of a sample will differ slightly from the 
35 reference spectrum A 0 (X)of the same sample measured on 
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the reference oximeter. The relationship between the 
measured spectrum I^{X) and a reference spectrum A 0 (X) 
and the model spectra is for small wavelength shifts 
according to equation (8) 

5 

A^U) = s^U) + s^iX) + AX A 0 < (X) 

wherein AX A 0 ■ (X) is the first term in a Taylor series 
of the reference spectrum A 0 (X) . 

10 

The first derivative of the reference spectrum A 0 ' (X) is 
preferably calculated in approximation as a first de- 
rivative of the model spectrum A x " (X) . The approximation 
is justified since the values of the scores s iX for the 
15 model spectra A x (X) are found to be much higher than the 
values of the scores s i2 for the model spectra A 2 (X) , of 
Sulf orhodamine B in relevant concentrations c i# so that 

A 0 ' (X) = s^' (X) + s 2 A 2 '(X) « s x A (21) 

20 

whereby the measured spectrum A^ (X) may be approximated 
by 

A^iX) = s^iX) + s i2 A 2 (X) + AX ±Sil Ai ' (X) (22) 

25 

AA^s^, s L1 , s i2 are the scores or the constants corre- 
sponding to a concentration c ± . 

Coefficient vectors ^(X) f C 2 (X) and C^x(X) are, prefera- 
3 0 bly, determined by multivariate analysis from the scores 
and the corresponding determined absorption spectra. 

The multivariate analysis starts by generating a table 
with 64 rows and 4 columns . The first three columns in 
3 5 this table comprise selected values of either one of the 
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scores AA^s^, s ±1 , s i2/ and the last column comprises the 
corresponding calculated value of the spectrum A^iX) . 
Each row constitutes a calibration vector, and the en- 
tire table constitutes 64 calibration vectors. 

5 

The 64 values of each score appearing in one and the 
same column are evenly distributed between: 

1 

0 and . 

10 wherein A 2 (X^) denotes the summation of squared absorban- 
ces across 128 wavelengths of the particular spectrum 
that corresponds to a particular score; i.e. the values 
of the score s ix are evenly distributed between 0 and 
reciprocal of (square root (Aj 2 (X) ) . 

15 

The next step in the multivariate analysis comprises to 
determine from the table the coefficient vector C 1 (X) by 
Principal Component Regression so that each set of 
scores s ±1 , and the corresponding spectrum A^ (X) , satis- 
20 fies 

Sil = C X (X) • A^U) (23) 

From the table the coefficient vector C 2 (X) is deter- 
25 mined by Principal Component Regression so that each 

set of scores s i2 and the corresponding spectrum A^ (X) , 
satisfies 

s i2 = C 2 (X) • A^tt,) (24) 

30 

From the table the coefficient vector C&x(X) is deter- 
mined by Principal Component Regression (PCR) so that 
each set of scores AA^s^ and the corresponding spectra 
A sni (X,) / satisfies 
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AX, s ±1 = C AJL (A.) • A^U) (25) 

Further, it is assumed that the following relation 
5 between the calculated scores and a total concentration, 
c ± of the dye exists 

Ci = a s ±1 + b s i2 (26) 

10 wherein constants a and b may be found by several meth- 
ods, preferably, by inserting the determined scores from 
the total concentrations, c ± of the dye of concentra- 
tions 2.5058 mmol/kg and 1.0023 mmol/kg in equation 
(26) and solve the resulting two equations with two un- 

15 known quantities, for a and b. The determined values of 
a, b are: a=0.1425; b=0.0931, so that equation (26) is 
determined as 

Ci = 0.1425 s ix + 0.0931 s i2 (27) 

20 

The validity of equation (2 7) may be checked by insert- 
ing scores s il# s i2 from reference solutions with total 
concentrations c ± of Sulf orhodamine B not used in the 
determination of a and b. Thereby, the validity of 
25 equation (27) has been confirmed experimentally. 

In field use of the spectrophotometer the coefficient 
vectors are applied as follows: 

30 From the coefficient vector, C x (X) a score or parameter 
value, s x may be determined according to equation (13) 



s a = C X (X) • A^U) 
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wherein A^A,) is a measured spectrum of a QC/ref erence 
sample . 

From the coefficient vector, C 2 {X) a score or parameter 
5 value, s 2 may be determined according to equation (14) 

s 2 = C 2 (X) • ^(X) 

wherein A^fX) is a measured spectrum of a QC/ref erence 
10 sample. 

From the coefficient vector Cax(^) a score or parameter 
value AXs lf which is proportional to the wavelength 
shift may be determined according to 

15 

A A, s 1 = C AX U) • A^X) (28) 
wherein A^OJ is a QC/ref erence sample. 

20 Determined s lf s 2 scores may be interpreted as the 

equivalent concentrations of the first and the second 
component of the dye, respectively. The first component 
corresponds to the mathematical model spectrum A 1 (X) / 
and the second component corresponds to the mathemati- 

25 cal model spectrum A 2 (X) . 

The determined coefficient vectors C&x(X) , ^(X) and 
C 2 (X) are stored in a matrix in the memory of the ox- 
imeter at the time of manufacture. The determined con- 
3 0 stants a, b are also stored in the memory of the oxime- 
ter at the time of manufacture. 

QC samples are, preferably, manufactured in lots, which 
may comprise 40,000-50,000 samples. The lot values of 
3 5 c qc , Q ref and AX qc are, preferably, determined during 
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manufacturing by measuring 5-10 samples on 3 reference 
oximeters. The oximeters have been adjusted to report 
exact parameter values on a standard blood sample. 

5 Average values of each of the measured parameters c qc 
Q ref and AA. qc are calculated and preferably stored on a 
bar-code label attached to each of the QC samples. 

During a quality control procedure of an oximeter in 
10 normal operation, e.g. at a hospital, the values of c qc 
Q ref and AX qc are read from the bar-code label of the QC 
sample by a bar-code reader and stored in the memory of 
the oximeter. 

15 Then the absorption spectrum of the QC sample is deter- 
mined. An estimated concentration of Sulf orhodamine B 
in the QC sample may be determined by the measured ab- 
sorption spectrum ^(X) by equation (26) as 

20 c est = 0.1425 s x + 0.0931 s 2 

since the values of s 1 and s 2 can be determined by the 
measured absorption spectrum A^iX) and the vectors C 2 (X) 
and C 2 (X) according to equations (13) and (14) . The ra- 
25 tio between s x and s 2 is determined and denoted Q est . 

An estimate of a score proportional to the wavelength 
shift of the oximeter is provided by equation (25) 

30 AX s x = C AX CU# KiX) . 

Since the value of s x has been determined, the value of 
the wavelength shift of the oximeter is determined by 
dividing the score AX s x with s 1 
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aX = (X).aM (29) 
s l 

The length of the cuvette light path d 0 in the oximeter 
is, preferably, determined by measuring an absorption 
5 spectrum Am (A,) of a Sulf orhodamine B reference solu- 
tion. The concentration of Sulf orhodamine B, c ref , is, 
preferably, provided as an assigned value. 

To determine the value of d 0 , the absorption spectrum 
10 A^A) of the reference solution is measured, and an es- 
timate of the concentration c est of the dye is calcu- 
lated by the processor in the oximeter according to 
equations (26) , (13) , (14) by utilising predetermined 
coefficient vectors C&x(X) , C^A) and C 2 (A,) and con- 
15 stants a, b stored in the memory of the oximeter as 
previously described. 

The concentration c est of the reference solution deter- 
mined by the oximeter is utilised to calculate an ac- 

2 0 tual value of the cuvette light path length, d 0 , in the 

oximeter according to 

C ref 

25 wherein d ref is a reference value of the cuvette light 
path length, which is previously stored in the memory 
of the oximeter. The calculated value of d 0 is subse- 
quently stored in the memory of the oximeter, 

3 0 The difference between the value of AA, determined for 

the Sulf orhodamine B reference solution and the as- 
signed value AA, ref for the reference solution is util- 
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ised to shift the subsequently measured spectra along 
the wavelength axis. 

The absorbance A{X) of a fluid sample is measured by 
5 the oximeter by determining the logarithm of a light 
intensity I 0 transmitted through a transparent aqueous 
reference solution divided by the light intensity I 
transmitted through the fluid sample in question, ac- 
cording to equation (2) 

10 

A (X) = log ^ . 

I 0 is denoted the zero point intensity, and is measured 
automatically at every calibration of the oximeter with 
15 said reference solution. 

During a quality control of the oximeter, a determined 
value of c est may be compared with the corresponding 
value c qc read from the label of the QC sample. A dif- 

2 0 ference between the values may originate from two of 

the variables in Lambert -Beer 1 s law, equation (1) 

A (X) = e(X) c d. 

25 Tt applies that either the cuvette light path length d 
in the oximeter is different from the d 0 value stored 
in the memory of the oximeter, which causes a higher or 
a lower value of the measured absorbance, or the meas- 
ured concentration c est of the dye deviates from the 

3 0 value of c qc . 

The determined concentration c est may deviate from the 
value of c qc due to errors in the wet section of the 
oximeter, such as defect tubes, defect pumps, errors in 
35 the cuvette, etc. It may all lead to undesired dilution 
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of the sample. However c est may also be different from 
c qc due to an incorrect light path length d 0 of the cu- 
vette . 

5 If there is a difference between c est and c qc# and the 

value of Q ref being equal to Q est , the difference between 
the estimated concentration and the reference concen- 
tration values may be caused by a difference between 
the light path length d 0 of the cuvette as calculated 
10 during calibration and the reference value d ref of the 
length determined during manufacture. 

If there is a difference between c est and c qc , the value 
of Q ref being different from Q est , the sample may be di- 
15 luted. A dilution causes the concentration of the dye 
to be smaller than c ref and further causes a shift in 
the chemical equilibrium between the components s x and 
s 2 which causes the value of Q est to deviate from Q ref . 

20 The determined differences between measured parameters 
AX, c est/ and Q est and the corresponding parameters read 
from the bar-code label of the QC sample may be re- 
ported by the oximeter to the operator e.g. by means of 
a printer. A printed message may comprise information 

2 5 as to which of the measured parameters caused the QC 

sample to fail the quality control. Together with a 
printout of the failing parameter a message suggesting 
which part of the oximeter needs repair or service, may 
be included. For example, the printed message may rec- 

3 0 ommend a repair of the measurement section 76 of the 

spectrometer 1, if the measured wavelength shift AX is 
larger than a predetermined threshold value stored in 
the memory of the oximeter. 
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In a preferred embodiment of the invention the measured 
parameters of the QC sample are used to modify spectra 
of standard blood samples corresponding to either of 
the QC levels 1-4. 

5 

In Fig. 7 the figures in columns 2-7 of each row define 
a standard blood sample composition, and column 1 shows 
the related QC level . For each of the four standard 
blood samples a corresponding standard blood spectrum 

10 as shown in Fig. 8 may be derived mathematically by the 
processor in the oximeter from predetermined spectra of 
each blood component comprised in the standard blood 
samples. The predetermined spectra of each blood compo- 
nent are, preferably, stored in the memory of the ox- 

15 imeter during manufacture. 

Each blood component parameter value in the table in 
Fig. 7 has an attached plus/minus limit value. The 
limit values are calculated errors, which would be pro- 

2 0 duced by a measurement of parameter values in the stan- 
dard blood sample with an oximeter having a wavelength 
shift of plus and minus 0.05 nm, respectively, as the 
only measurement error. For example, the value of blood 
component FCOHb in a level 1 sample would be measured 

25 to 5.34 % or 6.66 % instead of the correct value of 

6.00 %. Thus, even very small wavelength shifts in the 
oximeter, introduces significant errors in the measured 
blood parameter values, thereby illustrating the impor- 
tance of quality controlling the oximeter for wave- 

30 length shifts. 



By determining the modifications to the mathematically 
derived standard blood spectrum related to the level of 
the actual QC sample under test resulting from the pa- 
35 rameters AX, c est and optionally also Q est/ determined in 
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the QC procedure, the oximeter may use the modified 
spectrum to calculate corresponding blood parameter 
values. The parameter values are reported to the opera- 
tor of the oximeter, and the operator may compare them 
5 with assigned control limits for the actual QC level. 
The effect of the instument errors revealed in the QC 
procedure on values reported for a blood sample with 
unknown blood parameter values may, e.g., appear from 
the deviations between the reported parameter values 
10 and the values of the relevant standard blood sample of 
Fig. 7. 

Fig. 8 shows absorption spectra for each of standard 
blood sample, which absorption spectra are used in the 
15 oximeter for quality control levels 1-4. The spectra 

corresponding to levels 1-4 are 120, 121, 122, 123, re- 
spectively. Each spectrum has a corresponding c ref value 
corresponding to a Sulf orhodamine B concentration. 

20 The above modification to the standard blood spectra 
shown in Fig. 8 resulting from the parameter AX is a 
shift along the wavelength axis corresponding to the 
difference between AX, and AX qc , AA, qc being either an as- 
signed value or a predetermined fixed value stored in 

25 the memory of the oximeter. The modification of the 

standard blood spectra resulting from the parameter c est 
is a modification of the individual absorbances with 
the ratio c eEt /c ref . 

3 0 By adopting this method of converting determined meas- 
urement errors introduced by the oximeter into parame- 
ter values of blood samples, instrument errors are re- 
ported in terms which are easily understood by the op- 
erator of the oximeter . 
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By noting which of the blood parameters failed the con- 
trol, it may be possible to determine which of the 
measured parameters AX, c est and Q. 3t caused the quality 
control to fail, and thereby determine which part of 
5 the oximeter that needs repair or service. 

The relation between blood parameters that failed the 
quality control by being outside their corresponding 
control limits and the measured values of parameters 
10 AX, c est/ and Q est and thereby an error diagnosis of the 
oximeter may, preferably, be comprised in a service 
manual for a repair technician. 

According to the invention a method is provided for re- 
15 pressing absorption spectra of one or several interfer- 
ing components or substances contained in a blood sam- 
ple in the oximeter. Preferably, the oximeter is 
adapted to repress the spectrum of Fetal Hemoglobin, 
which is known to cause significant interference in ox- 
20 imetry measurements. 

In a determined blood sample spectrum, the absorbance 
A^X) recorded at each wavelength X contains contribu- 
tions from each component in the sample. Interfering 
2 5 components are naturally treated as the other compo- 
nents. The magnitude of the contribution and thereby 
the concentration of each component in the sample is 
determined according to equation (17) 

30 c y = KyU)« A*(X) . 

The vectors Ky(X) are predetermined and stored in the 
memory of the spectrophotometer. 
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By including a Fetal Hemoglobin component in a blood 
sample, of which the reference spectrum is to be deter- 
mined, a vector K fetal (?.) corresponding to the concentra- 
tion of Fetal Hemoglobin in the sample, is determined. 

5 

Preferably, the oximeter further provides a predeter- 
mined vector A fetal (X) , representing the difference 
spectrum between Adult Hemoglobin and Fetal Hemoglobin. 
The vector A fetal (A,) is, preferably, determined at a ref- 
10 erence concentration c fetal of 1 mmol/L. 

The effect on determined blood parameter values due to 
the presence of Fetal Hemoglobin in the blood sample, 
is minimised by repressing the spectrum of Fetal Hemo- 
15 globin. 

The first stage in the repression process comprises the 
determination of the concentration of Fetal Hemoglobin 
in the blood sample, according to equation (18) 

20 

Cfetal = K fecal * ■ 

The second stage comprises the determination of a modi- 
fied spectrum by subtracting the difference spectrum at 
2 5 the determined concentration from the measured spectrum 
A^iX) of the blood sample, if c £etal is greater than a 
predetermined threshold value, according to equation 
(19) 

30 A aod (X) = A m (X) - HaSfiL Afetai (X) 



wherein A Jnod (?u) is the modified spectrum and c ref = 1 
mmol/L. 
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I f c fetai is smaller than the predetermined threshold 
value the modified spectrum is set equal to the meas- 
ured spectrum A^Ov) . 

5 The third stage comprises the determination of concen- 
trations of blood components c y from the modified spec- 
trum AaodOJ, whereby the effect of Fetal Hemoglobin in 
the blood sample on determined concentrations c y of 
blood components is minimised. 

10 

By repressing the spectrum of Fetal Hemoglobin auto- 
matically, an oximeter is provided with an increased 
precision in measured blood parameter values, and an 
easier operation than currently available instruments. 

15 

Fig. 9 is a graph of a variable F neon plotted against 
the wavelength of light striking two photodiodes in 
wavelength channels 7 0 and 71 of the photodiode array 
83 in the spectrometer 1 shown in Fig. 3. The spectro- 

20 meter 1 comprises a neon glow lamp (not shown) , which 
emits at least one spectral line at a highly accurate 
reference wavelength of 585.25 nm, suitably positioned 
within the preferred wavelength range from 480 to 670 
nm. The accurate wavelength of the emitted spectral 

25 line is used in the oximeter as a reference wavelength 
against which the location of the 128 wavelength chan- 
nels of the array 83 is adjusted. To utilise the refer- 
ence wavelength a variable F neon is defined as 

30 F neon - R(70)/R(71) (31) 

wherein R(70) and R(71) are the magnitudes of the cur- 
rent or the response in each of the photodiodes located 
in channels 70 and 71. F neon is also equal to the ratio 
35 between the light intensity striking photodiodes in 
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channels 70 and 71, due to the linear relationship be- 
tween the current in a photodiode and the light inten- 
sity which strikes it. For example, if F neGn = 1 the 
light intensity striking diode 70 is equal to the light 
5 intensity striking diode 71, which means that the ref- 
erence wavelength is positioned exactly between the 
channels 70 and 71. F neon is used as a variable that de- 
fines the position of the light of the reference wave- 
length emitted from the neon lamp relative to the wave- 

10 length channels in the spectrometer 1. This character- 
istic of F neon is utilised during field operation of the 
oximeter, where the value of F neon is measured at prede- 
termined time intervals, and compared with a reference 
value F cal stored in the memory of the oximeter during 

1 5 manuf ac t ure . 

The spectrometer 1 is scanned with light emitted from a 
high precision monochromator in the wavelength range 
585.25 +/- 7.5 nm during manufacture. A response curve 

20 for the photodiode located in channel 71 is measured. 

An example of a measured response curve is 131 shown in 
Fig. 10. A calibration algorithm comprised in the mem- 
ory of the oximeter calculates a corresponding response 
curve for channel 70 by shifting the wavelength axis. 

25 The calibration algorithm further calculates a wave- 
length calibration table comprising values of the vari- 
able F neon and the corresponding value of the wavelength 
of light emitted from the monochromator by using the 
determined response curves of channels 70 and 71. The 

3 0 oximeter stores determined values of the wavelength 

calibration table in the memory. A reference value of 
F neon/ denoted F cal , is determined during manufacture by 
activating the neon lamp and measuring the response of 
channels 70 and 71, as previously described. The refer- 
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ence value of F cal is stored in the memory of the oxime- 
ter . 

The data comprised in the wavelength calibration table 
5 may be displayed graphically as shown in Fig. 9. 

A calibration program measures the current temperature 
of the spectrometer 1 between two blood sample measure- 
ments in normal operation of the oximeter. The cuvette 

10 is always cleaned with a transparent rinse solution be- 
tween two blood sample measurements. The current meas- 
ured temperature of the spectrometer 1 is compared with 
a previous temperature measurement which was performed 
at the time of the previous neon lamp activation and 

15 stored in the memory of the oximeter. The calibration 
program determines whether the current temperature 
value deviates more than 0.3 °C from the previous tem- 
perature value, and performs a measurement of the cur- 
rent value of F neon if this is the case. 

20 

The graph in Fig. 9 is now used to illustrate how a 
wavelength shift of the oximeter is determined and com- 
pensated during a period of time between two blood sam- 
ple measurements, wherein the cuvette is rinsed. A 

25 first value of F neon denoted F cal corresponding to a first 
value of the wavelength denoted X cal are shown in the 
graph, and the value of F cal is determined, as previ- 
ously described. A second value of the variable F neon 
denoted F act may be measured by the oximeter between two 

3 0 blood sample measurements. By utilising the predeter- 
mined wavelength calibration table comprised in the 
memory of the oximeter a second value of wavelength X 
denoted X act corresponding to F act may be determined. The 
value of A. act may be determined from the discrete values 

35 of the variable X comprised in the calibration table 
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according to well-known mathematical interpolation 
methods such as linear interpolation, polynomial inter- 
polation, cubic spline interpolation, etc. 

5 A wavelength shift AA, of the spectrometer may be deter- 
mined from the difference between the determined value 
A, act and the calibration value A, cal . The determined wave- 
length shift AX of the spectrometer 1 may be utilised 
to compensate a measured absorption spectrum A^X) of a 
10 fluid sample by determining a modified absorption spec- 
trum (X) of the sample, wherein the effect of the 
determined wavelength shift AX on absorbances in the 
measured spectrum A m (X) is removed. 

15 The modified spectrum is, preferably, determined by 

first utilising a cubic spline function to generate in- 
terpolated absorbance values between the discrete val- 
ues at the 12 8 wavelengths in the measured spectrum 
A Jn (X) . The modified spectrum A moA± (X) is determined by 

2 0 shifting the wavelength of each measured absorbance 

value in A m (X) sequentially with an amount equal to AX 
and determine a corresponding interpolated absorbance 
value for the modified spectrum. 

25 The provision of a spectral lamp, preferably a neon 
lamp, having at least one spectral line within a de- 
sired wavelength range enables the oximeter to perform 
highly accurate measurements of the wavelengths of 
light absorbed by a sample by comparing the determined 

30 wavelength of said at least one spectral line with the 
assigned wavelength of the spectral line stored in the 
memory of the oximeter, calculating the possible wave- 
length shift, and compensating the determined absorb- 
ance of the sample for said wavelength shift. Accord- 

35 ingly, the determined absorption spectrum by the spec- 
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trometer 1 is being compensated for wavelength shifts 
resulting from manufacturing tolerances and temperature 
drift during the use of the oximeter., thereby providing 
accurate measurements of blood parameter values. 

5 

Fig. 10 shows three response curves 130, 131 and 132 of 
photodiodes located in the corresponding wavelength 
channels 70, 71 and 72. The x-axis of the graph is the 
wavelength in nm of the light striking the diodes, and 
10 the y-axis of the graph is counts. The wavelength dis- 
tance between the peak points of e.g. response curve 
13 0, 131 is approximately 1.5 nm, which is the channel 
distance between all the 12 8 adjacent wavelength 
channels of the diode array 13. 



15 



• 
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CLAIMS 

1. A method in quality control of a spectrophotome- 
ter, comprising the steps of 

5 

determining with the spectrophotometer a spectrum 
A^CA,) of a fluid QC sample containing a dye, and 

determining a wavelength shift AA. from C^x(X)^ 
10 ^(A) , in which C^x(X) is a predetermined coeffi- 

cient vector previously stored in a memory of the 
spectrophotometer . 

2. A method according to claim 1, wherein the wave- 
15 length shift AX is determined after normalisation 

of the determined spectrum A^OO with an estimate 
of the concentration of the dye. 

3. A method according to claim 1 or 2 , wherein C&x(X) 

2 0 has been determined from a combination of a refer- 

ence spectrum A 0 (X) of a reference sample contain- 
ing the dye and a first derivative A 0 '(A,) of the 
reference spectrum. 

25 4. A method according to any of the preceeding 

claims, wherein the QC sample has an assigned 
wavelength shift AA, qc , which method further com- 
prises the step of comparing AX. with AA, qc . 

3 0 5. A method according to any of the preceeding 

claims, wherein the QC sample has a spectrum with 
a significant absorbance peak with a steep flank. 



6 . 

35 



A method according to any of the preceding claims, 
wherein the QC sample has a known dye concentra- 
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tion c qc and the dye comprises a first and a sec- 
ond component, the method further comprising the 
steps of 

calculating parameters s x and s 2 from 

51 = C x (X)m A* (A,) 

5 2 = C 2 (X)* A^iX) 

in which C X (X) and C 2 (X) are predetermined vectors 
previously stored in the memory of the spectropho- 
tometer, and 

15 calculating an estimated concentration c est of the 

dye from 

c est = a s 1 + b s 2 

20 in which a and b are predetermined constants pre- 

viously stored in the memory of the spectropho- 
tometer . 

7. A method according to claim 6, further comprising 
2 5 * the step of comparing c est with c qc . 

8. A method according to claims 6 or 7 , further com- 
prising the step of calculating a variable Q est = 
s 2 /s x . 



30 



A method according to any of claims 6-8, wherein 
the QC sample has an assigned value of s 2 / s 1 = Q qc , 
which method further comprises the step of compar- 
ing Q est with Q qc , 



35 
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10. A method according to any of the preceding claims, 
wherein the spectrophotometer is an oximeter. 

11. A method according to claim 10, wherein spectra 
5 are measured in the wavelength range from 40 0 to 

80 0 nm. 

12. A method according to claim 10 or 11, further com- 
prising the step of determining estimated errors 

10 in blood parameter values reported by the oximeter 

caused by the wavelength shift AX, optionally cor- 
rected by the assigned wavelength shift AA. qc . 

13. A method according to any of claims 10-12, further 
15 comprising the step of determining estimated er- 
rors in blood parameter values reported by the ox- 
imeter caused by a difference between c est and c qc . 

14. A method according to any of claims 10-13, further 
20 comprising the step of determining estimated er- 
rors in blood parameter values reported by the ox- 
imeter caused by a difference between Q est and Q qc . 

15 . A method of preparing a spectrophotometer for 
25 quality control, comprising the steps of 

determining a first reference spectrum A 01 (^) of a 
reference sample containing a dye in a first con- 
centration with a reference spectrophotometer, 

30 

determining a first derivative A 01 ' (X) of the 
first reference spectrum, and 

determining from at least the first reference 
35 spectrum A 01 (?J and the first derivative A 01 ' (X) a 
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mathematical parameter from which a wavelength 
shift AA, of the spectrophotometer can be deter- 
mined, and 

5 storing the mathematical parameter in a memory of 

the spectrophotometer , 

16. A method according to claim 15, wherein the step 
of determining a mathematical parameter comprises 
10 the steps of 

calculating a set of calibration vectors B^X) ac- 
cording to 

15 B t (X) = a ± A 01 (X) + s i3 A 01 'a) 

in which i = 1, 2, . . . , N (N>1) and s t and s i3 are 
constants of selected values, 

20 determining a coefficient vector Cax(A-) constitut- 

ing the mathematical parameter so that each set of 
corresponding values s i3 , B L satisfies: 



25 



= C AX (?0# B t (k) , i = 1,2 ,N 



17. A method according to claim 15, wherein the dye 
comprises a first component and a second compo- 
nent, and further comprising the step of determin- 
ing a second reference spectrum A 02 (X) of a second 
3 0 reference sample containing the dye in a second 

concentration with the reference spectrophotome- 
ter, and wherein the step of determining a mathe- 
matical parameter comprises the steps of 



35 



calculating a set of vectors B ± (A,) from 
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15 



B A (M = s n A 1 (X) + s i2 A 2 (X) + s i3 A 0 '(?i) 

in which A 1 (X) and A 2 (X) are derived from the first 
and second reference spectra A 01 (X) , A 02 (X) and 
represent spectral information about the first and 
second components, respectively, and i=l,2, . . ,N, 
and s ilf s i2 and s i3 are constants of selected val- 
ues , 

determining a vector Cax(X) constituting the 
mathematical parameter so that 

s i3 = C Ak (X) • B,(X) 
18. A spectrophotometer comprising 



a memory with a mathematical parameter for the de- 
termination of a wavelength shift AX of the spec- 
2 0 trophotometer , and 

a processor that is connected to the memory and 
that is adapted to calculate the wavelength shift 
AX from the mathematical parameter and from a 
25 spectrum A^ (X) determined with the spectrophotome- 

ter on a fluid QC sample containing a dye. 

19. A spectrophotometer according to claim 18, wherein 
the mathematical parameter constitutes a vector 
30 C&x(X) fulfilling the equation 

= C^(X) • K.iX) 
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20 



25 



20. A spectrophotometer according to claim 19, wherein 
the memory further comprises a vector C X (X) ful- 



a 1 = C^X) • AniX) 

and a vector C 2 (X) fulfilling the equation 
s 2 = C 2 (X) • ^(X) 

s 1 and s 2 represent concentrations of a first and 
a second component, respectively, of the dye. 

21. A spectrophotometer according to claim 20, wherein 
the memory further comprises predetermined con- 
stants a and b and wherein the processor is fur- 
ther adapted to calculate the concentration c est of 
the dye according to 

c est = a s l + b s 2 . 

22. A spectrophotometer according to any of claims 18- 
21, for the determination of a concentration c y of 
a component y of a sample and wherein the memory 
further comprises 

at least one vector A int (X,) representing spectral 
information of an interfering component in the 
sample at a concentration c int , and 

at least one vector K int (X.) , and wherein 



f.- -I T J 4_V,_ 




the processor is further adapted to 
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calculate the concentration c int of the interfering 
component according to 

c int = K int W A^a) , and 

5 

if c int is greater than a predetermined threshold 
value, c ref/ calculate a modified absorbance spec- 
trum A^CX) according to 

10 A raod (X) = A m (X) - HiSS- A int (X) 

C ref 

Kiod^) being the modified spectrum, and 

determine c y from the modified spectrum 2>^ od {X) ac- 
15 cording to 

c y = KyU)* 

whereby the effect of interfering components on 
2 0 determined concentrations c y is minimised. 

23. A spectrophotometer according to claim 22, wherein 
the interfering component is fetal hemoglobin. 

25 24. A spectrophotometer for the determination of an 

absorption spectrum of a fluid sample, comprising 
a spectral lamp for emission of light with at 
least one spectral line, and a processor, includ- 
ing a memory, that is adapted to determine the 

30 wavelength of the at least one spectral line and 

to compare the determined wavelength of said at 
least one spectral line with the assigned wave- 
length from an initial calibration procedure of 
said spectral line stored in the memory of the 
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spectrophotometer, calculate a wavelength shift, 
and compensate the determined absorption spectrum 
of said sample for said wavelength shift. 

5 25. A spectrophotometer according to claim 24, which 
is an oximeter, and wherein the spectral lamp 
emits light with at least one spectral line in the 
wavelength range 480-670 nm, and said oximeter is 
further provided with at least two photodiodes 

10 each of which convert the emitted light from the 

spectral lamp into a current substantially propor- 
tional to the light intensity which strikes the 
photodiode, and wherein the processor of said ox- 
imeter calculates the ratio F neon between the two 

15 photodiode currents. 



26. An spectrophotometer according to claim 25, 

wherein said spectral lamp is a neon lamp which is 
activated when the temperature of the spectrometer 
20 deviates more than a critical temperature differ- 

ence, such as more than about 0.2-0.5°C from the 
previous F neon measurement . 
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Concentrations, mmol/kg water 


Component 


QC level 1 


QC level 2 


QC level 3 


QC level 4 


PIPES, Na-salt 








64.2742 


HEPES 


40.7286 


31.0138 


24.2665 




HEPES, Na-salt 


20.0250 


33.2875 


39.6078 




NaCI 


115.1848 


82.6968 


44.7194 


15.9993 


KCI 


2.0400 


4.1068 


6.1508 


7.6600 


NaHCOa 


25.348 


28.38 


21.9319 


19.6667 


CaCI ? 2H,0 


1.2502 


0.5999 


0.3455 


2.2201 


TRISxHCI 


8.6434 


14.217 


7.7588 




TRIS 


1 .7789 


5.2435 


24.9175 




Sulforhodamine B, 
Na-salt 


1.0023 


1.6705 


2.5058 


0.3444 


Glucose 


2.5710 


6.178 


15.5218 




Lactate, Na-salt 


5.1427 


1.5445 


12.2997 





FIG. 4 
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Level 


ctHb 


s0 2 


TO 2 Hb 


FHHb 


FCOHb 


FMet 




[g/dL] 


[%] 


[%] 


[%] 


[%] 


Hb 

[%) 


1 


7.80 


50.00 


44.50 


44.50 


6.00 


5.00 




±0.12 


±0.09 


±0.26 


±0.43 


±0.66 


±0.03 


2 


13.00 


97.00 


92.15 


2.85 


3.00 


2.00 




±0.20 


±0.62 


±0.46 


±0.62 


±1.15 


±0.07 


3 


19.50 


70.00 


49.00 


21.00 


20.00 


10.00 




±0.29 


±0.25 


±0.40 


±0.42 


±0.78 


±0.04 


4 


2.60 


5.00 


3.50 


66.50 


10.00 


20.00 




±0.04 


±0.00 


±0.02 


±0.29 


±0.23 


±0.08 



FIG. 7 
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1 can be considered to be a mere limitations in scope. 

The omission of feature comprising the formula can be considered NOT to represent an 
extension beyond the original disclosure, since original claim 18 although not a method 
claim, defined a concept which referred generally to a mathematical parameter and was 
not restricted to the parameter including the predetermined coefficient vector. This 
appeared in dependent claim 19, indicating it was a preferred calculation possibility to 
determine the wavelength shift. It is reasonable to imagine a method of equivalent 
scope to original claim 18, and this would have been of broader scope than original 
claim 1, so providing a support for the present broadening of claim 1. 

Claim 21 would also appear not to represent an extension. Likewise the dependent 
claims seem to be substantially based on the originally field claims, except for claims 5 
and 25, which seem to be based on page 6, line 14. 
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Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

The invention relates to a method of quality control checking of spectrophotometer., 
and a spectrophotometer arranged for such checking. 
Object of the invention is to improve such quality control checking.. 
Solution provided by the invention is as defined in claims 1 and 21, involving 
determining the wavelength shift of an actually measured spectrum of a quality control 
sample compared with a reference spectrum of said sample stored in the processor of 
the spectrophotometer. 
Prior art documents : 

D1...WO-A-9630742 deals with comparison between a current spectrum measurement 
and a reference one, stored in the instrument (see e.g. page 2, lines 10-25 of D1), but 
this involves a fitting technique which depends on intensity differences, more than a 
wavelength shift. 

D2...WO-A-9408225 involves using one spectrophotometer to calibrate another. 
D3...US-A-5592291 relates to a correction method for a spectrophotometer involving 
reading out data from a memory and correcting data for a target point in three 
dimensional space. 

D4...EP-A-0167816 describes the use of operational amplifiers to correct blood 
monitoring information. 

None of the documents disclose or seem to hint at the claimed method and apparatus. 
Re Item VIII 

Certain observations on the international application 

Lack of clarity: 

a. In claim 18, which according to the applicant relates to steps performed before those 
of claim 1, the references to "the spectrophotometer" at lines 30 and 34, might be 
mistakenly taken to refer to the "reference spectrophotometer", when they apparently 
refer to the spectrophotometer of claim 1. The claim should have been clarified in this 
respect. 

Also page 9, lines 5-10 should have been corrected in this respect. 

b. The passage page 7, lines 5-14, seems to repeat features which are already in the 
statement on page 6 corresponding to claim 1 . 
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X METHOD XK QUJH,IT* CONTROL OF A SPECTROPHOTOMETER 

FIELD OF THE INVENTION 

S The present invention relates to a method in quality 
control of a spectrophotometer for monitoring perform- 
ance of the spectrophotometer, such as an oximeter for 
measurement of blood parameters. 

10 BACKGROUND O? THE INVENTION 

Spectrophotometers for measuring the composition of a 
substance by absorption spectroscopy are well known. 
For example, oximeters are used to determine 
15 concentrations of various hemoglobin components or 

fractions in blood samples from measuring an absorption 
spectrum in ihe visible and/or infrared wavelength 
range. Such an oximeter is disclosed in EP 210417. 

20 In absorption spectroscopy/ determination of a spectrum 
of a fluid sample is performed by transmission of light 
through a cuvette containing a part of the sample. 

Absorption spectroscopy is based on Lambert- Beer f s law 
25 according to which the absorbance determined for a sam- 
ple containing a single optically active component (a 
dye) is directly proportional to the concentration of 
the component and the length of the light path through 
the sample in the cuvette: 

30 

A(>.) = e(X)cd (1) 
in which 

35 A{X) is the d t rniined absorbance at wavelength X, 
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is the molar extinction coefficient for the compo- 
nent at wavelength k, 

5 c is the molar concentration of the component, and 

d is the length of the light path through the cuvette 
holding the sample . 

10 The absorbance A (A.) of the sample is defined as the 
logarithm of the rario of the light intensity before 
and after transmission through the sample. In practice 
the absorbance A[X) is defined as the logarithm of the 
ratio between the light intensity, l 0 , transmitted 

15 through a transparent aqueous reference solution and 
the light intensity transmitted through the sample: 

A (A.) - log ^ !2) 

20 For samples containing more than one optically active 
component, the total absorbance A totA i is the sum of the 
individual components' absorbances since absorbance is 
an additive quantity. Thus, with Y optically active 
components in a sample the total absorbance is given by 

25 

Ko,., 00 = £* y (X)e v d (3 ) 

y-l 

In a sample spectrum, the absorption A~ otai (A,; recorded 
at each wavelength X contains contributions from each 
30 of the components in the sample. The magnitude of this 
contribution and thereby the concentration of each com- 
ponent in the sample is determined according to 
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in which 

5 J is the total number of wavelengths at which ab- 
sorption is determined by the spectrophotometer and 
K y iX : ) is a constant specific for component y at wave- 
length a. 3 . 

10 The vectors Ky(?0 My be determined mathematically by 

using methods such as multivariate analysis, cr solving 
n equations with n unknowns, on data from reference 
samples . 

1- It is also known to ir.onitcr performance of spectropho- 
tometers, such as oximeters, by a measuring the absorp- 
tion spectrum of a fluid quality control sample, Qc 
sample, with the spectrophotometer in question. 

20 Known quality control samples specific for blood analy- 
sis are typically red dye based samples designed to 
simulate the spectrum of blood. In addition to a red 
dye, they sometimes contain certain amounts of oxygen, 
carbon dioxide, and electrolytes at an established pH 
for determining performance of blood gas and electro- 
lyte instruments. Synthetic QC samples having an ab- 
sorption spectrum that closely mimics that of physio- 
logical blood have not yet been provided. 

30 Quality control of spectrophotometers, such as an ox- 
imeter, is typically performed by measuring the absorp- 
tion spectrum of a QC sample comprising three to four 
different dyes. The dyes are mixed in a proportion so 
that the QC sample absorption spectrum mimics the ab- 



25 
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sorption spectrum of blood. A spectrum cf a QC sample 
is measured on the oximeter to be monitored and the pa- 
rameter values determined by the oximeter are compared 
with predetermined control limits assigned to the QC 
5 sample by a qualified person. If the determined parame- 
ters are outside the corresponding control limits, 
servicing of the oximeter is required. 

In WO 96/30742 a quality control method for monitoring 
10 performance of an oximeter is disclosed. The method 
comprises measuring the absorption spectrum of a QC 
sample and comparing it to a standard spectrum of the 
QC sample. Instrumental errors of the oximeter are con- 
sidered to be the primary source contributing to the 
15 observed difference- Instrumental errors are converted 
into blood component concentration values so that in- 
strument errors can be reported in terms understood by 
the operator of the instrument. 

20 It is an important disadvantage of known quality con- 
trol me -hod* that, typically, known QC samples comprise 
3-4 different dyes, causing long-terra stability of the 
sample to be less than desired. To compensate for this, 
parameter value acceptance ranges in an oximeter may be 

25 widened leading to a more relaxed performance monitor- 
ing than desired. 

It is another important disadvantage of known quality 
control methods that it is impossible with known qual- 

30 ity control methods to distinguish between different 

types cf instrument errors and to determine an individ- 
ual contribution zo deviation in parameter values from 
a specific type of instrument error. Thus, parameter 
value acceptance ranges have to be sufficiently wide to 

35 accommodate any possible type of Instrument error. Fur- 
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ther, a qualiry controlled spectrophotometer cannot be 
diagnosed if the determined parameter values lie out- 
side the acceptable ranges. For example, a defect spec- 
trophotometer with a wavelength shift may introduce th< 
5 same deviation in the determined parameters as seen by 
dilution of the QC sample. 

Future spectrophotometers are expected to facilitate 
determination of absorption spectra with improved reso- 
ld iution whereby instruments of higher precision and 

specificity are provided. High resolution measurements 
of spectra makes it more difficult to develop a suit- 
able QC sample since precision and long term stability 
requirements are increased. 

15 

One of the mcst significant errors occurring in spec- 
trophotometers is a wavelength shift. Due to manufac- 
turing tolerances and drift during use, each spectro- 
photometer positions a determined spectrum slightly 
20 differently along the wavelength axis. Therefore the 

wavelengths at which absorbance is determined are also 
positioned slightly differently for different spectro- 
photometers and thus, determined absorbances wili vary 
for different spectrophotometers. 

25 



SUMMARY OF THE INVENTION 



It is an object of the present invention to provide a 
quality control method that facilitates the determina- 
tion of various types of spectrophotometers errors, 
whereby an accurate diagnosis of an instrument failing 
the QC test is provided. 



6 



An instrument error affects the spectrum of a sample, 
and specific types of instrument errors affect the 
spectrum in a distinct way that may be interpreted like 
the presence of a component in the sample in a differ- 
5 ent concentration. For example, a variation of the 

length d of the light path through the cuvette causes 
determined absorbancea A(X; to vary according to Lam- 
bert-Beer's law (absorbance is proportional to d) , and 
unintentional dilution of the sample in the cuvette af- 
10 fects the determined absorbance in the same way, etc. 

An absorption spectrum of a sample may be defined by a 
vector A«(X) comprising at least two elements, each of 
the elements representing an absorbance of the sample 
15 at a specific wavelength Xj . 

According to a first aspect of the invention a quality 
control method for a spectrophotometer is provided, 
comprising the steps of: 

20 

determining with the spectrophotometer an absorption 
spectrum A»(X) of a fluid quality control sample con- 
taining a dye selected from such dyes which provide the 
quality control sample with an absorption spectrum with 
25 a significant absorbance peak showing a steep flank, 
and 

determining a wavelength shift AX between the absorp- 
tion spectrum Aa(X) of the actually measured quality 
30 control sample and a reference absorption spectrum 
Ao(X) of a reference quality control sample containing 
the dye stored in a memory of the spectrophotometer. 

According to a preferred embodiment of the invention a 
35 method is provided, wherein the wavelength shift AX is 



AMENDED SHEET 



determined from A«{X> and a predetermined mathematical 
parameter stored in the memory of the spectrophotome- 



ter . 



According to a further preferred embodiment of the in- 
vention a method in quality control of a spectropho- 
tometer is provided, comprising the steps of 

determining with the spectrophotometer a spectrum 
of a fluid QC sample containing a dye, and 

determining a wavelength shift AX from C^X). Aa(X),in 
which C^iX) is a predetermined coefficient vector pre- 
viously stored in a memory of the spectrophotometer. 

Ir. a preferred embodiment of the invention & method is 
provided, wherein the vector C^CX) fulfils the eouation 



AX = c A (X) • a. (*.) 



(5) 



According to a preferred embodiment of the invention 
the wavelength shift of a spectrophotometer is deter- 
mined by forming a Taylor series of a known absorption 
spectrum or a reference spectrum of a certain component 
in a sample. After determination of an absorption spec- 
trum of a sample comprising the component with the 
known absorption spectrum, the wavelength shift is de- 
termined. 

In a preferred embodiment cf the method according tc 
the invention the wavelength shift AX is determined af- 
ter normalisation of the determined spectrum A*<X) with 
an estimate of the concentration of the dve. 



AMENDED SHEET 



\ 



8 



In a further preferred embodiment of the method accord- 
ing to the invention C^fX) has been determined from a 
combination of a reference spectrum A<, (X) of a refer- 
ence sample containing the dye and a first derivative 
Ao' (X) of the reference spectrum. 



In an approximation, only the first order derivative of 
the reference spectrum is considered: 



A»(X) = Ao(X) + AX Ao ' (X) 



(6) 



in which Ao(X) is the reference spectrum, Ao'(X) is its 
first derivative with respect to the wavelength X, AX 
is the wavelength shift tc be determined, and A»(X) is 
a spectrum of the sample with the known spectrum Ao<X) 
measured by the spectrophotometer in which the wave- 
length shift is tc be determined. 

AX may be determined according to various mathematical 
methods known in the art, e.g. the equation above may 
be solved for a selected wavelength, the equation may 
be solved for a set of selected wavelengths and AX be 
calculated as an average cf the solutions for AX to the 
equation, AX may be determined by a least squares fit, 
AX may be determined by multivariate analysis, etc. 

In a preferred embodiment cf the invention a method of 
preparing a spectrophotometer for quality control is 
provided, comprising the steps of 

determining a first reference spectrum Ao(X) of a ref- 
erence sample containing a dye of a first concentration 
with a reference spectrophotometer, 
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determining a first derivative *<,' (X) of the first ref- 
erence spectrum of the dye, and 



determining from at least the first reference spectru 
A© (a.) and the first derivative of Ao (X) a mathematical 
parameter from which a wavelength shift AX of the spa 
trophotcmeter can be determined, and 

storing the mathematical parameter in a memory of the 
spectrophotometer . 



Preferably, the step of determining a mathematical pa- 
rameter comprises the steps of 

calculating a set of calibration vectors B t (Xj accord- 
ing to 



*t(X) = S t Ao(X) -r S i3 Ao' (X) 

in which i - 1, 2,.. .. N (N>1) and Si and s i3 are con- 
stants of selected values, 



(7) 



determining a coefficient vector C^(Xj constituting the 
mathematical parameter so that each set of correspond- 
ing values s 13 , B± satisfies: 



Sn = c^CX) • Bi(X), i = 1,2,..., N 



(8) 



According to a secor.d aspect of the invention a spec- 
trophotometer is provided comprising a processor that 
is adapted to determine the wavelength shift AX between 
an absorption spectrum A»(X) determined with the spec- 
trophotometer on a fluid quality control sample con- 
taining a dye selected from such dyes which provide the 
quality control sample with an absorption spectrum with 
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a significant absorbance peak showing a steep flank and 
a reference absorption spectrum Ac(X) cf a reference 
quality control sample containing the dye, stored in 
the memory of the spectrophotometer. 

i 

According to a preferred embodiment of the invention 
a spectrophotometer is provided comprising 

a memory with a mathematical parameter fcr the determi- 
nation of a wavelength shift AX of the spectrophotome- 
ter, and 

a processor that is connected to the memory and that is 
adapted to calculate the wavelength shift AX from the 
mathematical parameter and from a spectrum Aa(X) deter- 
mined with the spectrophotometer or. a fluid QC sample 
containing a dye. 

According to a further preferred embodiment of the in- 
vention a spectrophotometer is provided, wherein the 
mathematical parameter is a coefficient vector C^(X) 
and wherein the wavelength shift AX is determined from 
(^(X) • A* (X) . 

In a preferred embodiment of the invention a spectro- 
photometer is provided, wherein the vector C^(X) ful- 
fils the equation. 

^ - C^(X5 • A«(X) (5) 

The mathematical parsrr.eter as mentioned above may com- 
prise the first reference spectrum Ao (X) and the first 
derivative K>> {X) of the first reference spectrum Ao(x') 
at a selected wavelength X„ or at a selected set of 
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wavelengths X 0 , ).i >-l, etc., or a parameter derived 

from the spectra, such as the parameter C^fX) . 

Since the parameter AX is proportional to a total con- 
5 centration of the dye, AX is typically normalised 
with c, c or an approximation to c qc , e.g. when the dye 
is a two-component dye, such as Sulforhodamine B, AX is 
preferably normalised with a concentration of a first 
component of the dye Si. The normalisation of AX with 
10 Sl is desirable when there is a difference between the 
concentration of the dye in a reference sample from 
which the reference spectrum was determined, and the 
concentration of the dye in the QC sample. 

15 Thus, in a preferred embodiment of the spectrophotome- 
ter according to the invention, the mathematical pa- 
rameter stored in the memory constitutes a vector C^CX) 
from which the wavelength shift AX may be determined. 

20 According to a further preferred embodiment of the in- 
vention, the QC sample comprises a dye with two compo- 
nents in a chemical equilibrium where the ratio between 
the concentration of each component varies with the to- 
tal concentration of the dye. In this case the shape of 

25 the absorption spectrum is dependent on the total con- 
centration of the dye. This characteristic of the dye 
makes it possible to distinguish between a concentra- 
tion measurement error caused by undesired dilution of 
the sample in the cuvette, and a measurement error 

30 caused by light path changes in the cuvette. 

Thus, the method of preparing a spectrophotometer for 
quality control may comprise determining a first refer- 
ence spectrum Aoi(X) of a reference sample containing 
35 the dye in a first concentration and determining a sec- 
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ond reference spectrum Ao 2 (X) of a reference sample 
containing the dye in a second concentration with the 
reference spectrophotometer, the dye comprising a first 
component and a second component in chemical equilib- 
rium* Mathematically two model spectra Ai(X) and Aa(X) 
that represent spectral information about the first and 
the second component, respectively , may be derived from 
the first and second reference spectra Aoi (X) and A«(X) 
in such a way that the spectra of the reference samples 
can be calculated as a weighted sum of Ai(X) and A 2 (M . 
For example, Ai(X) and Aa(X) may be the individual 
spectra from the two components, respectively, of the 
dye, or, A* (31) may be the sum of the individual spectra 
from the two components while A 2 (X) may be the differ- 
ence between the individual spectra of the two compo- 
nents, etc. Preferably, A L (X) and A 2 (X) are determined 
from reference spectra Aoi(X) and Ao 2 (X) by Principal 
Components Analysis (PCA) . 

The spectrum A»(X) determined by the spectrophotometer 
is then given by 

A«(X) = SiA x {X) + s 2 A 2 (X) + AX Ao'(X) (9) 

Each of the parameters si, s 2 , and AX may be determined 
by mathematical methods, such as multivariate analysis 
on data obtained from reference samples. 

In a preferred embodiment of the invention, the step of 
determining a mathematical parameter may comprise the 
steps of 

calculating a set of vectors Bi(X) from 

Bi(X) = Sii Ai(X) + Si 2 A 2 (X) + s i3 Ao' (X) (10) 
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in which i - 1, 2,..., N (M>1) and sn, s i2 and s i3 are 
constants of selected values, 

determining a vector C^X) constituting the mathemati- 
cal parameter so that 

Si3 - C^(X)# B±(X>, i - 1,2, ...,N (ID 

Further, the mathematical parameter may comprise a vec- 
tor Ci(X) fulfilling that 

Sii - Ci(X)« Bi(X), i - 1,2, ...,N (12) 

and still further, the mathematical parameter may also 
comprise a "vector C a (X) fulfilling that 

*i2 = C 2 (X)* Bi(X), i = 1,2, .,N (13) 

According to a preferred embodiment of the invention, 
the method in quality control of a spectrophotometer 
may utilise a QC sample containing the dye in a known 
concentration c qc and comprising the first and second 
components, and may further comprise the steps of 

calculating parameters S\ and S2 from 

51 = Ci(X)« A*<X) < 14) 

5 2 = C 2 (X)# A.(X) < 15 > 

in which d(X) and C 2 (X) are the predetermined vectors 
previously stored in the memory of the spectrophotome- 
ter, and 
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calculating an estimated concentration c« st of the dye 
from 

c €St = a Si + b s 2 (16) 

in which a and b are predetermined constants previously 
stored in the memory of the spectrophotometer, and Si 
and S2 represents concentrations of a first and a sec- 
ond component, respectively, of the dye. 

Likewise, in a preferred embodiment of the invention 
the memory of the spectrophotometer may further com- 
prise vectors C x (^) and C 2 (X) fulfilling the equations 
(14) and (15) . 

The memory may also comprise predetermined constants a 
and b and the processor may be further adapted to cal- 
culate the concentration c. st of the dye according to 
equation (16) 

c es t = a Si + b s 2 (16) 

It is preferred that the dye has a spectrum with a sig- 
nificant absorbance peak with a steep flank within the 
measurement range of the spectrophotometer in order to 
accurately determine small wavelength shifts- For exam- 
ple, when the sample to be analysed is blood, a wave- 
length shift of 0.05 nm is sufficient to cause an inac- 
curate determination of several blood parameters, such 
as ctHb, s0 2 , F0 2 Hb, fHHb, FCOHb, fMetHb, etc. 

Further, it is preferred that the spectrum of the QC 
sample resembles spectra of samples, which the spectro- 
photometer in question is intended to analyse so that 
performance of the instrument can be monitored. 
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For example, in blood analysis important blood compo- 
nents have significant absorbances in the wavelength 
range from 480 to 67 0 nm. Thus, a dye with a spectrum 
5 resembling a blood spectrum and having a significant 
absorbance peak in the range from 400 to 8 00 nm, pref- 
erably from 480 to 670 nm, and having a steep absorb- 
ance flank, such as a flank having steepness larger 
than 40 mAbs/nm, preferably larger than 50 mAbs/nm for 
10 a light path length of 100 jam, is preferred for use in 
the methods according to the present invention. The dye 
should, preferably, also have a molar extinction coef- 
ficient in the range from 10,000 to 100,000. 

The dye may belong to one of several chemical classes, 
such as cyanine dyes, azacyanine dyes, triarylmethine 
dyes, acridine dyes, azine dyes, oxazine dyes, thiazine 
dyes, xanthene dyes, etc. Dyes belonging to the first 
four classes are typically cationic dyes being water 
soluble due to the molecule's positive charge. The xan- 
thene dyes include the cationic and neutral rhodamines 
and the anionic sulf orhodamines among which Sulforho- 
damine B is a preferred dye. 

25 According to a preferred embodiment of the invention, 

the spectrum of reference samples containing the dye in 
at least two different concentrations is determined, 
e.g. by an accurate reference instrument of the same 
type as the spectrophotometer to be quality controlled, 

30 at a selected set of wavelengths. Then the coefficient 
vectors Cx(X), C a (X) and C^(X) and the constants a and 
b are determined, e.g. by multivariate analysis, and 
stored at the time of manufacture in the memory of the 
spectrophotometers to be quality controlled by fluid QC 

35 samples when put into their normal use. 



15 
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On manufacture of a QC sample the concentration c qC / 
the ratio s 2 /Si denoted Q rB f and an initial wavelength 
shift AX qc may be determined by a reference spectropho- 
tometer. The initial wavelength shift of the QC sajnple 
emerges mainly from a variation in the composition of 
the solvent of the dye in the QC sample, 

A label, such as a bar-code label, a magnetic label, 
etc, may be attached to each of the QC samples contain- 
ing one or more of the values c qc , Q Ifif and AXq C in ques- 
tion. Alternatively one or more of the values may be 
printed in a bar code on a paper sheet following a set 
of QC samples- The values appearing on the labels or 
paper sheet are designated assigned values. 

During quality control of a specific spectrophotometer, 
the assigned values of c qC r Qref and AX^ are read by the 
spectrophotometer and the values are stored in its mem- 
ory. Then the spectrum of the QC sample is determined 
and si, s 2 , and AX are determined as previously de- 
scribed. The determined values for Q eBt - s 2 /si, AX and 
c est are also calculated and compared to the assigned 
values of Q r<! £, A^ c and c qC r respectively* 

A possible dilution of the QC sample may be determined 
from a difference between Qcsc and Q re f, and the combined 
effect of dilation and deviations in length d of the 
light path through the cuvette may be determined from a 
difference between c e *- and c^. 

The estimated parameter values, such as AX, c e st/ arid 
Q esc/ may ba used for determination of parameter values 
of samples, the analysis of which the spectrophotometer 
is intended for, so that the outcome of the quality 
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control procedure can be reported by the instrument in 
quantities meaningful for an operator of the instru- 
ment. 

For example/ in an oximeter for determination of blood 
parameter values, the theoretical modifications to one 
or several predetermined standard blood spectra caused 
by a measurement error corresponding to one of the pa- 
rameters AX, Ce.tr and Q e4t determined in the quality 
control procedure may be calculated by the oximeter. 
From the modified spectra, the oximeter may calculate 
corresponding blood parameter values to be reported to 
the operator of the instrument. 

The predetermined standard blood spectra may either be 
stored in the memory of the oximeter, or they may be 
derived mathematically by the processor in the oximeter 
from predetermined spectra of each blood component com- 
prised in the standard blood samples . 

In a preferred embodiment of the invention predeter- 
mined control limits for the reported blood parameter 
values are printed on a sheet of paper following a set 
of QC samples. The operator may compare blood parameter 
values reported by the oximeter with the predetermined 
control limits on the paper sheet, and determine 
whether the reported values are within the control lim- 
its. 

The predetermined control limits may also be stored in 
a label of the QC sample which label is read by the ox- 
imeter so that the oximeter is adapted to perform the 
comparison between the reported blood parameter values 
and the corresponding control limits* 
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In a preferred embodiment of the invention, a method 
for repressing absorption spectra of interfering compo- 
nents or substances in a fluid sample, is also pro- 
vided. 

5 

In the present context an interfering component in a 
sample is a component other than the preselected compo- 
nents for which the spectrophotometer is adapted to re- 
port parameter values, and the presence of said inter- 
10 fering component in the sample may interfere with the 

absorption spectrum of at least one of said preselected 
components . 

In a determined sample spectrum, the absorbance A»(M 
15 recorded at each wavelength contains contributions 
from each of the components in the sample including 
said interfering components. The magnitude of the con- 
tribution and thereby the concentration of each compo- 
nent in the sample is determined according to equation 
20 (17) or equation (18) below 



25 



or the equivalent form 



c y - Ky(X) * 



(18) 



The vectors Ky(X) may be determined mathematically by 
using methods, such as multivariate data analysis, or 

30 solving n equations with n unknowns from data obtained 
from reference samples. By including one or several in- 
terfering components or substances in the reference 
sample, of which the reference spectrum is determined, 
one or several of the vectors Ky(X) corresponding to 

35 one or several of the interf ring components may be de- 



AMENDED SHEET 



termined. The vector or vectors Ky(X) corresponding to 
the interfering components are generally designated 
Ki^ttX) and stored in the memory of the spectrophoto- 
meter together with the vectors Xy(X) - 

The spectrophotometer may further provide one or 
several predetermined vectors, AinttM, representing 
spectral information of the interfering components. 
Each Aiatt*) is obtained at a reference concentration 
c ref , whereby the spectrum of any interfering component 
may be derived at the determined concentration of the 
component according to Lambert-Beer 1 s law, equation 
(1) . 

In this preferred embodiment of the invention, the ef- 
fect of the interfering components on determined blood 
parameter values is minimised by following a three 
stage process, in the following denoted "repression of 
spectra of interfering components" . 

First stage is to determine the concentration of inter- 
fering components in the sample. Second stage is to de- 
termine a modified spectrum of the sample by subtract- 
ing the spectrum of the interfering component of the 
determined concentration from the measured spectrum 
A^Ji) of the sample. Third stage is to determine con- 
centrations of blood components c y and parameter values 
of blood components from the modified spectrum. 

According to this preferred embodiment of the inven- 
tion, a spectrophotometer with repression of spectra of 
interfering components in a fluid sample is provided, 
for determination of a concentration c y of a component 
y of a sample and wherein the memory further comprises 
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at least one vector A^* (X) representing spectral infor- 
mation of an interfering component in the sample at a 
concentration c x- x, and 

5 at least one vector Kin*(X), and wherein 
the processor is further adapted to 

calculate the concentration c lM of the interfering com- 
10 ponent according to 

c^ = Fi» t <X)« A»(X) (19) 

and if c int is greater than a predetermined threshold 
15 value, c r *t, modify the measured spectrum A»o«(X) accord- 
ing to 



A«* to = to ~ A in< to 



(20) 



-rcf 



20 JUd(X) being the modified spectrum, and 

determine c y from the modified spectrum »™i(X) accord- 
ing to 

25 Cy = Ky(X)« ft„od(X) (21) 

whereby the effect of interfering components on deter- 
mined concentrations c y is minimised. 

30 The measured spectrum is only modified if the deter- 
mined concentration of the interfering component is 
above a predetermined threshold value. This is because 
the modification of the measured spectrum creates some 
undesired "process noise" in the modified spectrum, due 

35 to an uncertainty in the estimate of the spectrum of 
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the interfering component. This addition of "process 
noise" in the modified spectrum is only justified when 
the concentration of the interfering component in the 
sample is larger than the threshold value. 

An oximeter for blood analysis may provide several pre- 
determined vectors for interfering components or sub- 
stances of clinical importance and provide correspond- 
ing values of the vectors Xi* t l>0 in the memory. The in- 
terfering components may be chosen among components, 
which have previously caused significant interference 
in oximetry measurements, such as Fetal Hemoglobin, 
Bilirubin, Cardio Green, Svans Blue, Methylene Blue, 
Intralipid, HiCN, SHb, etc. 3y repressing the spectra 
of rhese components an oximeter with better precision 
in measurement of blood parameter values than currentl 
available instruments is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described with reference to 
the drawings, wherein 

Fig. 1 is a block diagram of an oximeter according to 
the invention, 

Fig. 2 is a schematic diagram of a wet section of an 
oximeter according to the invention, 

Fig. 3 shows main components of a spectrometer, i.e. 
the optical part of an oximeter according to the inven 
tion, 

Fig. 4 shews compositions of QC samples levels 1-4. 
Fig. 5 shows absorption spectra of Sulf orhedamine 5 in 
three concentrations, 
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Fig. 6 shows two normalised model spectra determined 
with Principal Component Analysis from Sulf orhodamine 
B, 

Fig, 7 is 5 table comprising parameter values of blood 
5 samples each related to one of QC sample levels 1-4 , 
Fig. 8 shows absorption spectra of four standard blood 
samples related to quality control levels 1-4, 
Fig. 9 is a graph of a variable F neon plotted against 
the wavelength of light striking two photodiodes in. the 
10 spectrometer, 

Fig, 10 shows response curves of photodiodes located in 
wavelength channels 70, 71 and 72. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

15 

Fig, I is a block diagram comprising a spectrometer 1 
in an oxirrterry module {net shown) connected to a 
printed circuit board 2 with a data cable 6 comprising 
electrical conductors. The printed circuit board 2 con- 

20 trols and collects data from the spectrometer 1. The 
data collected are transmitted to a data processing 
unit 3 comprising a memory (not shown) and a processor 
(not shown) . Values of predetermined coefficient vec- 
tors C X (X) , C 2 (\) and C^JX) are stored in the memory. A 

25 barcode reader 5 is adapted to read data from bar-code 
labels mounted on QC samples or on a paper sheet en- 
closed with a set of samples, and transmits data to the 
data processing unit 3 via a dara management computer 
7. A power supply module 4 supplies power to the oxime- 

3C try module from a mains connection. 

Fig. 2 is a schematic diagram of a wet section of an 
oximeter according to the invention, wherein a blood 
sample (noz shown) is entered into the oxim ter through 
35 an inlet probe 20. The sample is transferred to a cu- 
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vette 74, A preheater 15 is positioned along the sample 
path 30 to heat the sample to a substantially constant 
temperature of 37 g C. Pumps 10 are used to pump liquids 
and passes through the wet section = 

5 

Fig. 3 shows the main components of the spectrometer 1, 
wherein a light beam 75 with constant intensity is 
transmitted from a halogen lamp 70 to the cuvette 74 
which comprises the blood or QC sample and is included 

10 in a hemolyzer 79. The blood sample is hemolyzed by 
means of ultrasonic waves. Hemolyzing is a process, 
which ruptures the walls of the red blood cells in the 
sample r thereby making the blood cells release their 
content of hemoglobin. The light beam 75 is transmitted 

15 to the cuvette 74 through an infrared filter 71, and a 
biconvex lens 72. After passing through the cuvette 74, 
the light beam 75 is transmitted to a measurement sec- 
tion 76, by means of an optical fibre 77. The light 
beam 75 passes through a thin slit 78, whereby the beam 

20 75 is directed towards a concave grating unit 80 r dif- 
fracting the light beam 75 according to wavelength. 

The concave grating unit 80 focuses light on a photodi- 
ode array 83, to which a diffracted light beam 82 is 

25 transmitted. The photodiode array 83 may consist of 128 
photcdiodes, and the array 83 is arranged in such a 
manner that ligh^ comprising a range of wavelengths of 
approximately 1.5 ron in the diffracted light beam 82 , 
strikes a photodicde (not shown} , which converts the 

30 light into a current substantially proportional to the 
light intensity which strikes it. By measuring the 
value of the current in each of the 128 photodiodes of 
the photodiode array 83 , a discrete intensity spectrum 
of the light beam 82 after transmission through the 

35 sample is produced. From this intensity spectrum an ab- 
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sorption spectrum of the blood sample comprised in th 
cuvette 7 4 may be determined by the oximeter. 

The absorption spectrum is measured in 128 channels io- 
5 cated in the wavelength range 478-672 nm in the pre- 
ferred embodiment of the invention. A channel is, in 
the present context, the part of the spectrum which is 
transmitted to a particular photodiode in the diode ar- 
ray 83. 

10 

According to the invention a wavelength shift of the 
oximeter is determined in the quality control proce- 
dure. It is preferred that four different types of 
quality control samples (QC samples levels 1-4) are 

15 provided, cf. Fig, 4. The QC levels comprise Sulforho- 
damine B in different concentrations- Increased reli- 
ability in the quality control of the oximeter is pro- 
vided by measuring the absorption spectrum of QC sam- 
ples at several QC levels. By utilising QC samples com- 

20 prising Sulf orhodamine B in different concentrations, 
it is ensured that the oximeter measures blood parame- 
ters correctly over a wide range of component concen- 
trations in blood samples. 

25 In solution Sulf orhodamine B shows long term stability. 
The steep absorbance flank allows an accurate determi- 
nation of the wavelength shift of the oximeter, since 
even very small wavelength shifts produce a large 
change in the measured absorbance at a given wavelength 

30 cf a Sulf orhodamine 3 containing sample. 

In aqueous solution Sulf orhodamine 3 is a dye with two 
components in a chemical equilibrium where the ratio 
between the concentration of each component in the dye 
35 varies with the total concentration of the dye. In this 
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case the shap of the absorption spectrum is dependent 
on the total concentration ci of the dye. This may be 
seen in Fig. 5/ which shows three absorption spectra 
AoiiX) 110, Ao 2 (X) 111 and A03 (X) 112 of Sulf orhodamine B 
5 samples determined at the total concentrations 2.5058 
mmol/kg, 1.6705 mmol/kg and 1.0023 mmol/kg, respec- 
tively. The Sulf orhodamine B samples correspond to QC 
levels 1-3 as shown in Fig. 4. 

1C Mathematically, two model spectra A X (X) 105 and KziX) 

106 as shown in Fig. 6 may be derived from at least two 
reference spectra, e.g. Aoi(X) HO and Ao*(X) 111 of 
Fig. 5, wherein the two model spectra represent spec- 
tral information about a first and a second component, 

15 respectively of Sulf orhodamine B, in such a way that 

the spectrum of the dye can be calculated as a weighted 
sum of Ai(X) and Aa(X) . 

The two model spectra are, preferably, determined by 
20 Principal Component Analysis (PCA), whereby two or- 
thogonal vectors are determined constituting the mathe- 
matical model spectra, Ai(X> and A2(X). A set of scores 
or parameters Su and s i2 is also provided by the PCA 
analysis for each concentration of the dye, as the 
25 spectrum of the dye at a concentration ci can be calcu- 
lated as a weighted sum of model spectra Ai(X) and 
A*(X) and their corresponding scores or weights $ i: and 

Si2 - 

30 The PCA analysis may be provided by several computer 

programs, which are commercially available. The program 
used in the present embodiment is the "Unscrambler" . 
The two model spectra Ai(X) 105 and Aa(X) 106 shown in 
Fig. 6 are determined by PCA from the three reference 

35 spectra Aoi(X) , Ac 2 (X) and Ao 3 (X) with "Un scrambler" . 
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The reference concentrations of the dye in the solution 
at which the reference absorption spectra Aoi(X), Aoa(X) 
and Aga(X) are measured,- *rm determined from the weight 
5 of the dye, Sulf orhodamine B in powder form and the 

volume of the solvent. The reference absorption spectra 
are determined by measuring the absorption spectra of 5 
samples containing Sulf orhodamine B at each reference 
concentration/ and determining an average value for the 
10 reference spectrum for each concentration. The refer- 
ence absorption spectra of the samples are measured by 
a reference oximeter, which by definition has a zero 
wavelength shift . 

15 In practice, an oximeter not specifically appointed and 
handled as a reference oximeter will always exhibit some 
wavelength shift AX whereby a measured absorption spec- 
trum A^(X) of a sample will differ slightly from the 
reference spectrum Ao(X)of the same sample measured on 

20 the reference oximeter. The relationship between the 
measured spectrum A«(X) and a reference spectrum Ac (X) 
and the model spectra is for small wavelength shifts 
according to equation (9) 

25 *m(X) - SiAifX) + s 2 A 2 (X) + AX Ao' (X) 

wherein AX Ao' (X) is the first term in a Taylor series 
of the reference spectrum Ao (X) . 

30 The first derivative of the reference spectrum Ao 1 (X.) is 
preferably calculated in approximation as a firsr de- 
rivative of the model spectrum Ai' (X). The approximation 
is justified since the values of the scores Su for the 
model spectra A-(X) are found to be much higher than the 
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values of the scores s i2 for the model spectra Aa(X), of 
Sulf orhodar.ine B in relevant concentrations c± r so that 



Jfco'(X) - SiAi 1 (X) + s z Kt % (X) * SjA'iO-) (22) 

5 

whereby the measured spectrum A^CX) may be approximated 
by 

A^X) - SixAatX) + s u Az(X) + AX^u X x < (X) (23) 

10 

AXiSu, 3n, s i2 are the scores or the constants corre- 
sponding to a concentration c^. 



Coefficient vectors Ci(X), C$(X) and C U (X) are, prefera- 
15 biy, determined by multivariate analysis from the scores 
and the corresponding determined absorption spectra. 

The multivariate analysis starts by generating a table 
with 64 rows and 4 columns. The first three columns in 
20 this table comprise selected values of either one of the 
scores AXiSn, s Llt s i2 , and the last column comprises 
the corresponding calculated value of the spectrum 
A«i(X). Each row constitutes a calibration vector, and 
the entire table constitutes 64 calibration vectors. 

25 

The 64 values of each score appearing in one and the 
same column are evenly distributed between: 

0 and 1 

30 wherein A £ CXj) denotes the summation of squared absorb- 
ances across 128 wavelengths cf the particular spectrum 
that corresponds to a particular score/ i.e. the values 
of the score s u are evenly distributed between 0 and 
reciprocal of (square root (Ai a (X) ) . 
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The next step in the multivariate analysis comprises to 
determine from the table the coefficient vector Ci(X) by 
Principal Component Regression so that each set of 
5 scores su, and the corresponding spectrum Kt± (X) / sat- 
isfies 

Sii - Ci<X) • A«i(X> (24) 

10 From the table the coefficient vector Ca(X) is deter- 
mined by Principal Component Regression so that each 
set of scores S12 and the corresponding spectrum JU(^)/ 
satisfies 

15 s i2 ~ C 2 <X) • A«i(X) (25) 

From the table the coefficient vector C^fX) is deter- 
mined by Principal Component Regression (PCR) so that 
each set of scores AXiSn and the corresponding spectra 
20 AsiO.), satisfies 

AXi s u - C^(X) • JWCX) (26) 

Further, it is assumed that the following relation 
25 between the calculated scores and a total concentration, 
Ci of the dye exists 

ci - a sti + b s i2 (27) 

30 wherein constants a and b may be found by several meth- 
ods, preferably, by inserting the determined scores from 
the total concentrations, Ci of the dye of concentra- 
tions 2.5053 mracl/kg and 1.0023 mmol/kg in equation 
(21) and solve the resulting two equations with two un- 

35 known quant iti s, for a and b. The determined values of 
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a, b axe: a=0.1425; b-0.0931/ so that equation (27) is 
determined as 

Ci - 0.1425 s i: i- 0,0931 s i2 (28) 

5 

The validity of equation (28) may be checked by insert- 
ing scores S;u s x2 from reference solutions with total 
concentrations Ci of Sulforhodamine 3 not used in the 
determination of a and b, Thereby, the validity of 
10 equation (28) has been confirmed experimentally. 

In field use of the spectrophotometer the coefficient 
vectors are applied as follows: 

15 From the coefficient vector, C x [\) a score or parameter 
value, Si may be determined according to equation (14) 

Si - CxlX) • A»(X) 

20 wherein A„(X) is a measured spectrum cf a QC/reference 
sample . 

From the coefficient vector, C 2 (X) a score or parameter 
value, s 2 may be determined according to equation (15) 



25 
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s 2 = C 2 (X) • J±(X) 

wherein A*(X} is a measured spectrum of a QC/reference 
sample . 

From the coefficient vector C^lX) a score or parameter 
value AXsi, which is proportional to the wavelength 
shift may be determined according to 



35 AX. Si = C^(X) A^X) 



(29) 
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wherein JV*(X) is a QC/reference sample. 

Determined 5;, 5 2 sccrss may be interpreted as the 
5 equivalent concentrations of the first and the second 
component of the dye, respectively. The first component 
corresponds to the mathematical model spectrum Ai (X) , 
and the second component corresponds to the mathemati- 
cal model spectrum Aa(X) . 

10 

The determined coefficient vectors C^fX), Ci(X) and 
C 2 (X) are stored m a matrix in the memory of the ox- 
imeter at the time of manufacture. The determined con- 
stants a, b are also stored in the memory of the oxime- 
15 ter at the time of manufacture. 

QC samples are, preferably, manufactured in lots, which 
may comprise 40,000-50,000 samples. The lot values of 
Cq-, Qref and AXq C are, preferably, determined during 
20 manufacturing by measuring 5-10 samples on 3 reference 
oximeters. The oximeters have been adjusted to report 
exact parameter values on a standard blood sample . 

Average values of each of the measured parameters c qc , 
25 Q reC and AX qc are calculated and preferably stored on a 
bar-code label attached to each of the QC samples. 

During a quality control procedure of an oximeter in 
normal operation, e.g. at a hospital, the values of c qCi 
30 Q ref and AXq C are read from the bar-code label of the QC 
sample by a bar-code reader and stored in the memory of 
the oximeter. 

Then the absorption spectrum of the QC sample is deter- 
35 mined. An estimated concentration of Sulf orhodamine B 
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in the CC sample may be determined by the measured ab- 
sorption spectrum A«(X> by equation (27) as 

c. 3t - 0.1«25 si + O.0S31 s z 

since the values of s-. and s 2 can be determined by the 
measured absorption spectrum ».(X) and the vectors C X (X) 
and C 2 (X) according to equations (14) and (15). The ra- 
tio between Si and s 2 is determined and denoted Q„ t . 

An estimate of a score proportional to the wavelength 
shift of the oximeter is provided by equation (26) 



AX 5i - C^X)* A«(X) - 

Since the value of s L has been determined, the value of 
the wavelength shift of the oximeter is determined by 
dividing the score AX si with s x 

LX = C*l 00 * (30) 
s. 



The length of the cuvette light path d 0 in the oximeter 
is, preferably, determined by measuring an absorption 
spectrum **(X) of a Sulf orhodamine B reference solu- 
tion. The concentration of Sulf orhodamine B, c r8 f, is, 
preferably, provided as an assigned value. 

To determine the value of do. the absorption spectrum 
A^CX) of the reference solution is measured, and an es- 
timate of the concentration c eB « of the dya is calcu- 
lated by the processor in the oximeter according to 
equations (27), (14), (15) by utilising predetermined 
coefficient vectors C^(X) , Ci(X) and C 2 (X) and con- 
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stants a, b stored in the memory of the oximeter as 
previously described- 

The concentration c ee t of the reference solution deter- 
5 mined by the oximeter is utilised to calculate an ac- 
tual value of the cuvette light path length, d 0 , in the 
oximeter according to 




(31) 



10 

wherein d re f is a reference value of the cuvette light 
path length, which is previously stored in the memory 
of the oximeter. The calculated value of do is subse- 
quently stored in the memory of the oximeter. 

15 

The difference between the value of Aa determined for 
the Sulforhodamine B reference solution and the as- 
signed value AX r et for the reference solution is util- 
ised to shift the subsequently measured spectra along 
20 the wavelength axis. 

The absorbance of a fluid sample is measured by 

the oximeter by determining the logarithm of a light 
intensity I s transmitted through a transparent aqueous 
25 reference solution divided by the light intensity I 

transmitted through the fluid sample in question, ac- 
cording to equation (2) 

A (X) = log ^ . 

30 

I 3 is denoted the zero point intensity,, and is measured 
automatically at every calibration of the oximeter with 
said reference solution. 
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During a quality control of the oximeter, a determined 
value of c e sc may be compared with the corresponding 
value c qc read from the label of the QC sample. A dif- 
ference between the values may originate from two of 
5 the variables in Lambert -Beer ' s law, equation (1) 

A(X) - e(M c d. 

It applies that either the cuvette light path length d 
10 in the oximeter is different from the do value stored 

in the memory of the oximeter, which causes a higher or 
a lower value of the measured absorbance, or the meas- 
ured concentration c«* t of the dye deviates from the 
value of c qc . 

15 

The determined concentration c €fir may deviate from the 
value of c qc due to errors in the wet section of the 
oximeter, such as defect tubes, defect pumps, errors in 
the cuvette, etc. It may all lead to undesired dilution 
of the sample. However c e ax may also be different from 
Cqc due to an incorrect light path length d 0 of the cu- 
vette. 

If there is a difference between c e « and c qc , and the 
25 value of Q tet being equal to Q«,-, the difference between 
the estimated concentration and the reference concen- 
tration values may be caused by a difference between 
the light path length d 0 of the cuvette as calculated 
during calibration and the reference value d C( t £ of the 
30 length determined during manufacture. 

If there is a difference between c es t and c qC r the value 
of Qi«£ being different from Q a , C / the sample may be di- 
luted. A dilution causes the concentration of the dye 
35 to be smaller than c ra f and further causes a shift in 
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the chemical equilibrium between the components si and 
Sz which causes the value of Q Mt to deviate from Q t , f . 

The determined differences bet- 

AX., c e «t/ and Q« st and the corresponding parameters read 
from the bar-code label of the QC sample may be re- 
ported by the oximeter to the operator e.g. by means of 
a printer. A printed message may comprise information 
as to which of the measured parameters caused the QC 
sample to fail the quality control. Together with a 
printout of the failing parameter a message suggesting 
which part of the oximeter needs repair or service, may 
be included. For example, the printed message may rec- 
ommend a repair of the measurement section 7 6 of the 
spectrometer l, if the measured wavelength shift AX is 
larger than a predetermined threshold value stored in 
the memory of the oximeter. 

In a preferred embodiment of the invention the measured 
parameters of the QC sample are used to modify spectra 
of standard blood samples corresponding to either of 
the QC levels 1-4. 

In Fig, 7 the figures in columns 2-7 of each row define 
a standard blood sample composition/ and column 1 shows 
the related QC level. For each of the four standard 
blood samples a corresponding standard blood spectrum 
as shown ir. Fig. 9 may be derived mathematically by the 
processor in the oximeter from predetermined spectra of 
each blood component comprised in the standard blood 
samples. The predetermined spectra of each blood compo- 
nent are, preferably, stored in the memory of the ox- 
imeter during manufacture, 
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Each blood component parameter value in the table in 
Fig. 7 has an attached plus/minus limit value. The 
limit values are calculated errors, which would be pro- 
duced by a measurement o£ parameter values in the staa- 
5 dard blood sample with an oximeter having a wavelength 
shift of plus and minus 0.05 nm, respectively, ad the 
only measurement error. For example, the value of blood 
component rcOHb in a level 1 sample would be measured 
to 5.34 % or 6.66 % instead of the correct value of 
10 6.00 %. Thus, even very small wavelength shifts in the 
oximeter, introduces significant errors in the measured 
blood parameter values, thereby illustrating the impor- 
tance of quality controlling the oximeter for wave- 
length shifts. 

15 

By determining the modifications to the mathematically 
derived standard blood spectrum related to the level of 
the actual QC sample under test resulting from the pa- 
rameters AX, Cea* and optionally also Q MC , determined in 

20 the QC procedure, the oximeter may use the modified 
spectrum to calculate corresponding blood parameter 
values. The parameter values are reported to the opera- 
tor of the oximeter, and the operator may compare them 
with assigned control limits for the actual QC level. 

2 5 The effect of the instument errors revealed in the QC 
procedure on values reported for a blood sample with 
unknown blood parameter values may, e.g., appear from 
the deviations between the reported parameter values 
and the values of the relevant standard blood sample of 

30 Fig. 1. 

Fig. 8 shows absorption spectra for each of standard 
blood sample, which absorption spectra are used in the 
oximeter for quality control levels 1-4. The spectra 
35 corresponding to levels 1-4 are 120, 121, 122, 123, re- 
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spectively. Each spectrum has a corresponding c rm t value 
corresponding zo a Sulf orhodamine B concentration • 

The above modification to the standard biood spectra 
5 shown in Fig. 8 resulting from the parameter AX is a 
shift along the wavelength axis corresponding to the 
difference between AX and AXq C , AX qc being either an as- 
signed value or a predetermined fixed value stored in 
the memory of the oximeter. The modification of the 
10 standard blood spectra resulting from the parameter c,* c 
is a modification of the individual absorbances with 
the ratio c e3 c/c x af. 

By adopting this method of converting determined meas- 
15 uramer.t errors introduced by the oximeter into parame- 
ter values of blood samples, instrument errors are re- 
ported in terms which are easily understood by the op- 
erator of the oximeter. 

20 By noting which of the blood parameters failed the con- 
trol, it may be possible to determine which of the 
measured parameters AX, c. sr and Q ett caused the quality 
control to fail, and thereby determine which part of 
the oximeter that needs repair or service. 

25 

The relation between blood parameters that failed the 
quality control by being outside their corresponding 
control limits and the measured values of parameters 
AX, Ccst/ and Q erc and thereby an error diagnosis of the 

30 oximeter may, preferably, be comprised in a service 
manual for a repair technician- 
According to a preferred embodiment of the invention a 
method is provided for repressing absorption spectra of 

35 one or several interfering components or substances 
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contained in a blood sample in the oximeter. Pr fera- 
bly, the oximater is adapted to repress the spactrum of 
Fetal Hemoglobin, which is icnown to cause significant 
interference in oximetry measurements • 

5 

In a determined blood sample spectrum, the absorbance 
A«(X) recorded at each wavelength X contains contribu- 
tions from each component in the sample. Interfering 
components are naturally treated as the other compo- 
10 nents. The magnitude of the contribution and thereby 
the concentration of each component in the sample is 
determined according to equation (18) 

15 

The vectors Ky(X) are predetermined and stored in the 
memory of the spectrophotometer. 

By including a Fetal Hemoglobin component in a blood 
20 sample, of which the reference spectrum is to be deter- 
mined, a vector K* #x *i (X) corresponding to the concen- 
tration of Fetal Hemoglobin in the sample, is deter- 
mined. 

25 Preferably, the oximeter further provides a predeter- 
mined vector Af.taifX), representing the difference 
spectrum between Adult Hemoglobin and Fetal Hemoglobin. 
The vector Af«tailX) is, preferably, determined at a 
reference concentration Cfecai of 1 mmol/L. 

30 

The effect on determined blood parameter values due to 
the presence of Fetal Hemoglobin in the blood sample, 
is minimised, by repressing the spectrum of Fetal Hemo- 
globin. 

35 
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The first stage in the repression process comprises the 
determination of the concentration of Fetal Hemoglobin 
in the blood sample, according to equation (19) 

<=fet«l = K f « t .i(X) • AeJX) . 

The second stage comprises the determination of a modi- 
fied spectrum by subtracting the difference spectrum at 
the determined concentration from the measured spectrum 

of the blood sample, if c tmzml is greater than a 
predetermined threshold value, according to equation 
(20) 



00 = A, (X) - SS^L A<-emi ( K ) 

wherein AoohCa.) is the modified spectrum and c ref = l 
mmol/L. 

If c fat *i is smaller than the predetermined threshold 
value the modified spectrum is set equal to the meas- 
ured spectrum *■(*.) . 

The third stag© comprises the determination of concen- 
trations of blood components c y from the modified spec- 
trum A^fX) , whereby the effect of Fetal Hemoglobin in 
the blood sample on determined concentrations c y of 
blood components is minimised. 

By repressing the spectrum of Fetal Hemoglobin auto- 
matically, an oximeter is provided with an increased 
precision in measured blood parameter values, and an 
easier operation than currently available instruments. 

According to a preferred embodiment of the invention, 
Fig. 9 is a graph of a variable F n-aa plott d against 
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the wavelength of light striking two photodiodes in 
wavelength channels 70 and 71 of the photodiode array 
83 in the spectrometer 1 shown in Fig. 3. The spectro- 
meter 1 comprises a neon glow lamp (not shown), which 
emits at least one spectral line at a highly accurate 
reference wavelength of 585. 25 run, suitably positioned 
within the preferred wavelength range from 480 to 670 
nm. The accurate wavelength of the emitted spectral 
line is used in the oximeter as a reference wavelength 
against which the location of the 128 wavelength chan- 
nels of the array 83 is adjusted. To utilise the refer- 
ence wavelength a variable F n ««i is defined as 

Fo.cn - R(70) /R(71) (32) 

wherein R(70) and a (71) are the magnitudes of the cur- 
rent or the response in each of the photodiodes located 
in channels 70 and 71. F MOO is also equal to the ratio 
between the light intensity striking photodiodes in 
channels 70 and 71, due to the linear relationship be- 
tween the current in a photodiode and the light inten- 
sity which strikes it. For example, if F Beoa = i the 
light intensity striking diode 70 is equal to the light 
intensity striking diode 71, which means that the ref- 
erence wavelength is positioned exactly between the 
channels 70 and 71. ? ntea is used as a variable that de _ 
fines the position of the light of the reference wave- 
length emitted from the neon lamp relative to the wave- 
length channels in the spectrometer 1. This character- 
istic of Fn.on is utilised during field operation of the 
oximeter, where the value of F n ^ n is measured at prede- 
termined time intervals, and compared with a reference 
value F cal stored in the memory of the oximeter during 
manufacture. 
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The spectrometer 1 is scanned with light emitted from a 
high precision monochromator in the wavelength range 
585.25 +/- 7.5 nm during manufacture. A response curve 
for the photodiode located in channel 71 is measured. 
An example of a measured response curve is 131 shown in 
Fig. 10. A calibration algorithm comprised in the mem- 
ory of the oximeter calculates a corresponding response 
curve for channel 7 0 by shifting the wavelength axis. 
The calibration algorithm further calculates a wave- 
length calibration table comprising values of the vari- 
able F„« 8n and the corresponding value of the wavelength 
of light emitted from the monochromator by using the 
determined response curves of channels 70 and 71. The 
oximeter stores determined values of the wavelength 
calibration table in the memory. A reference value of 
Fft.on, denoted F cal , is determined during manufacture by 
activating the neon lamp and measuring the response of 
channels 70 and 71, as previously described. The refer- 
ence value of r c .j is stored in the memory of the oxime- 
ter. 



The data comprised in the wavelength calibration table 
may be displayed graphically as shown in Fig. 9. 

A calibration program measures the current temperature 
of the spectrometer 1 between two blood sample measure- 
ments in normal operation of the oximeter. The cuvette 
is always cleaned with a transparent rinse solution be- 
tween two blood sample measurements. The current meas- 
ured temperature of the spectrometer 1 is compared with 
a previous temperature measurement which was performed 
at the time of the previous neon lamp activation and 
stored in the memory of the oximeter. The calibration 
program determines whether the current temperature 
value deviates more than 0.3 °C from the previous tern- 
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perature value, and performs a measurement of the cur- 
rent value of Fn.on if this is the case. 

The graph in Fig. S is now used to illustrate how a 
wavelength shift of the oximeter is determined and com- 
pensated during a period of time between two blood sam- 
ple measurements, wherein the cuvette is rinsed* A 
first value of F„» on denoted Fc*i corresponding to a 
first value of the wavelength denoted X^ are shown in 
the graph, and the value of F c *i is determined, as pre- 
viously described. A second value of the variable F M00 
denoted F act may be measured by the oximeter between two 
blood sample measurements. By utilising the predeter- 
mined wavelength calibration table comprised in the 
15 memory of the oximeter a second value of wavelength X 

denoted X act corresponding to F acx may be determined. The 
value of X atrt may be determined from the discrete values 
of the variable X comprised in the calibration table 
according to well-known mathematical interpolation 
20 methods such as linear interpolation, polynomial inter- 
polation, cubic spline interpolation, etc. 

A wavelength shift AX of the spectrometer may be deter- 
mined from the difference between the determined value 
25 X aCT and the calibration value X^x. The determined wave- 
length shift AX of the spectrometer 1 may be utilised 
to compensate a measured absorption spectrum A»(X) of a 
fluid sample by determining a modified absorption spec- 
trum AaoaifX) of the sample, wherein the effect of the 
determined wavelength shift AX on absorbances in the 
measured spectrum A^fX) is removed. 
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The modified spectrum is r preferably, determined by 
first utilising a cubic spline function to generate in- 
35 terpolated absorbance values between the discrete val- 
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ues at the 128 wavelengths in the measured spectrum 
A»(X). The modified spectrum A^fX) i S determined by 
shifting the wavelength of each measured absorbance 
value in sequentially with an amount scjuai to A?._ 

5 and determine a corresponding interpolated absorbance 
value for the modified spectrum. 

The provision of a spectral lamp, preferably a neon 
lamp, having at least one spectral line within a de- 

10 sired wavelength range enables the oximeter to perform 
highly accurate measurements of the wavelengths of 
light absorbed by a sample by comparing the determined 
wavelength of said at least one spectral line with the 
assigned wavelength of the spectral line stored in the 

15 memory of the oximeter/ calculating the possible wave- 
length shift, and compensating the determined absorb- 
ance of the sample for said wavelength shift. Accord- 
ingly, the determined absorption spectrum by the spec- 
trometer 1 is being compensated for wavelength shifts 

20 resulting from manufacturing tolerances and temperature 
drift during the use of the oximeter, thereby providing 
accurate measurements of blood parameter values. 

Fig. 10 shows three response curves 130, 131 and 132 of 
25 photodiodes located in the corresponding wavelength 

channels 70, 71 and 72. The x-axis of the graph is the 
wavelength in nni of the light striking the diodes, and 
the y-axis of the graph is counts. The wavelength dis- 
tance between the peak points of e.g. response curve 
30 130, 131 is approximately 1.5 nrn, which is the channel 
distance between all the 128 adjacent wavelength 
channels of the diode array 13. 



AMENDED SHEET 



A quality control method for a spectrophotometer, 
comprising the steps of: 



determining with the spectrophotometer an absorp- 
tion spectrum A.(X) of a fluid quality control 
sample containing a dye selected from such dyes 
which provide the quality control sample with an 
absorption spectrum with a significant absorbance 
peak showing a steep flank, and 

determining a wavelength shift AX between the ab- 
sorption spectrum A,(X) of the actually measured 
quality control sample and a reference absorption 
spectrum Ao(>-) of a reference quality control sam- 
ple containing the dye stored in a memory of the 
spectrophotometer. 

A method according to claim 1, wherein the wave- 
length shift AX is determined from JW(X> and a 
predetermined mathematical parameter stored in the 
memory of the spectrophotometer. 

A method according to claim 2, wherein the mathe- 
matical parameter is a coefficient vector (X) 
and wherein the wavelength shift AX is determined 
from C^(X) • A»(X) . 

A method according to claim 3, wherein the vector 
C^fX) fulfils the aquation 



AX - C^(X) • A^X) 



A method according to claim 4, wherein C^(X) has 
been determined from a Taylor series of the refer- 
ence absorption spectrum Ac (X) . 

A method according to claim 5, wherein C^(X) has 
been determined from a combination of the refer- 
ence absorption spectrum Ao(X) and a first deriva- 
tive he 1 (X) of said reference absorption spectrum. 

A method according to any of the preceding claims 
1-6, wherein the wavelength shift AX is determined 
after normalisation of the determined spectrum 
A*(X) with an estimate of the concentration of the 
dye. 

A method according to any of the preceding claims 
1-7 , wherein the quality control sample has an as- 
signed wavelength shift AX<, e , which method further 
comprises the step of comparing AX with AXq C . 

A method according to any of the preceding claims 
1-8, wherein the quality control sample has a 
known dye concentration c qc and the dye comprises 
a first and a second component, the method further 
comprising the steps of 

calculating parameters Si and s 2 from 

si = Ci(X)e A^X) 

sj - C 2 (X}» A«(X) 

in which C x (X) and C 2 (X) are predetermined vectors 
previously stored in the memory of the spectropho- 
tometer, and 
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calculating an estimated concentration c #s - of the 
dya from 

Ctat 3 a Si + b S2 

in which a and b are predetermined constants pre- 
viously stored in the memory of the spectropho- 
tometer. 

10. A method according to claim 9, further comprising 
the step of comparing c e «t with c qc « 

11- A method according to claims 9 or 10, further com-. 
15 prising the step of calculating a variable Q„ r » 

12. A method according to any of claims 9-11/ wherein 
the quality control sample has an assigned value 
of Qq C - s^/si, which method further comprises the 
step of comparing Q„ t with Q qc , 
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13. A method according to any of the preceding claims 
1-12 , wherein the spectrophotometer is an oxime- 

25 ter. 

14. A method according to claim 13, wherein spectra 
are measured in the wavelength range from 400 to 
800 nm. 
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15, A method according to claims 13 or 14, further 
comprising the step of determining estimated er- 
rors in blood parameter values reported by the ox- 
imeter caused by the wavelength shift AX, option- 
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16, 



15 

18, 



ally corrected by the assigned wavelength shift 



A method according to any of the preceding claims 
5 13-15, further comprising the step of determining 

estimated errors in blood parameter values re- 
ported by the oximeter caused by a difference be- 
tween c«at and c qc . 

10 17. a method according to any of the preceding claims 
13-16, further comprising the step of determining 
estimated errors in blood parameter values re- 
ported by the oximeter caused by a difference be- 
tween and Q qc . 



A method according to any of the preceding claims 
1-17 further comprising the steps of: 



determining a first reference absorption spectrum 
20 Aox(X) of a reference sample containing a dye in a 

first concentration with a reference spectropho- 
tometer, 

determining a first derivative Aoi 1 (X) of the 
25 first reference spectrum, and 

determining from at least the first reference 
spectrum Aoi (X) and the first derivative Aca,' (X) a 
mathematical parameter from which a wavelength 
shift AX of the spectrophotometer can be deter- 
mined , and 



storing the mathematical parameter in a memory of 
the spectrophotometer . 
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A method according to claim 18, wherein the step 
of determining the mathematical parameter com- 
prises the steps of 

calculating a set of calibration vectors B±(X) ac- 
cording to 

Bt(X> = 3iAoi<>0 + SiaAoiMX) 

in which i = 1, 2,..., N (N>1) and si and s i3 are 
constants of selected values, 

determining a coefficient vector C^OO constitut- 
ing the mathematical parameter so that each set of 
corresponding values sta, Bi satisfies: 

Si3 = C^CX)* Bi(X), i ~ 1,2,.'. ..N 

A method according to claiiri 18, wherein the dye 
comprises a first component and a second compo- 
nent, and further comprising the step of determin- 
ing a second reference spectrum A*i(X) of a second 
reference sample containing the dye in a second 
concentration with the reference spectrophotome- 
ter, and wherein the step of determining & mathe- 
matical parameter comprises the steps of 

calculating a set of vectors Bt(X) from 

Bi(X) = Sii A 1 (X.) + s l2 AfttX.) + SisAo' (X) 

in which and Aa(M are derived from the 

first and second reference spectra Aoi(X), Aoa(X) 
and represent spectral information about the first 
and second components, respectively, and 
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i~l,2,../N/ and Sn, Sti and an are constants of 
selected values, 

determining a vector C*t!X) constituting the 
mathematical parameter so that 

s i3 = C^(X) • Bi(X) 

A spectrophotometer comprising a processor that is 
adapted to determine the wavelength shift AX be- 
tween an absorption spectrum A«(X) determined with 
the spectrophotometer on a fluid quality control 
sample containing a dye selected from such dyes 
which provide the quality control sample with an 
absorption spectrum with a significant absorbance 
peak showing a steep flank and a reference absorp- 
tion spectrum A$(/c) of a reference quality control 
sample containing the dye, stored in the memory of 
the spectrophotometer. 

A spectrophotometer according to claim 21, wherein 
the wavelength shift AX is determined from A»{X) 
and a predetermined mathematical parameter stored 
in the memory of the spectrophotometer. 

A spectrophotometer according to claim 22, wherein 
the mathematical parameter is a coefficient vec- 
tor (^(X) and wherein the wavelength shift AX is 
determined from C^X) • A*(X) . 

A spectrophotometer according to claim 23, wherein 
the vector C^tX) fulfils the equation 



AX - C^(X) • A^X) 



A spectrophotometer according to claim 24, wherein 
C^(X) has been determined from a Taylor series of 
the reference absorption spectrum Ao (A.) . 

A spectrophotometer according to claim 25, wharein 
C^(X) has been determined from a combination of 
the reference absorption spectrum Ao(X) and a 
first derivative Ao 1 (X) of said reference absorp- 
tion spectrum. 

A spectrophotometer according to any of the pre- 
ceding claims 21-26, wherein the wavelength shif- 
AX is determined after normalisation of the deter- 
mined spectrum. A«(X) with an estimate of the con- 
centration of the dye. 

A spectrophotometer according to any of the pre- 
ceding claims 21-27, wherein the quality control 
sample has an assigned wavelength shift AXq C , and 
wherein the processor is adapted to compare AX 
with AX qc . 

A spectrophotometer according to any of the pre- 
ceding claims 21-28, wherein the quality control 
sample has a known dye concentration c<jc and the 
dye comprises a first and a second component, and 
wherein the processor is adapted to 

calculate parameters Si and s 2 from 

3i - Ci(X)» A^X) 

S2 - C 2 (X)# A^CX) 
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in which C t (X) and C 2 (X) are predetermined vectors 
previously stored in the memory of the spectropho- 
tometer, and 

calculate an estimated concentration c eot of the 
dye from 

c«, t ■ a Si + b sj 

in which a and b are predetermined constants pre- 
viously stored in the memory of the spectropho- 
tometer. 

A spectrophotometer according to claim 2 9, wherein 
the processor is further adapted to compare c«. t 
with c qe . 



31. A spectrophotometer according to claims 29 or 30, 
wherein the processor is further adapted to calcu- 

20 late a variable Q«« « s 2 /si. 

32. A spectrophotometer according to any of claims 29- 
31, wherein the quality control sample has an as- 
signed value of Q v - s 2 /s! and wherein the proces- 
sor is further adapted to compare Q„ c with Q qc . 



33. A spectrophotometer according to any of the pre- 
ceding claims 21-32 which is an oximeter. 

34. A spectrophotometer according to claim 33, wherein 
spectra are measured in the wavelength range from 
400 to S00 nm, 

35. A spectrophotometer according to claims 33 or 34, 
33 wherein the processor is adapted to determine es- 
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timated errors in blood parameter values reported 
by the spectrophotometer caused by the wavelength 
shift AX, optionally corrected by the assigned 

.VM^Vii sum iA^q C . 

A spectrophotometer according to any of the pre- 
ceding claims 33-35, wherein the processor is fur- 
ther adapted to determine estimated errors in 
blood parameter values reported by the spectropho- 
tometer caused by a difference between c„ x and 



A spectrophotometer according to any of the pre- 
ceding claims 33-36, wherein the processor is fur- 
ther adapted to determine estimated errors in 
blood parameter values reported by the spectropho- 
tometer caused by a difference between Q ert and 

Qqc • 

A spectrophotometer according to any of the pre- 
ceding claims 21-37 for the determination of a 
concentration c y of a component y of a sample and 
wherein the memory further comprises 

at least one vector A^X} representing spectral 
information of a* interfering component in the 
sample at s concentration c eef , and 

at least one predetermined vector K^ ( X}, and 
wherein 



the processor is further adapted 



to 



calculate the concentration Cint of the interfering 
component according to 
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cint ~ KiAt: (X) • A»(X), and 

if Cint is greater than a predetermined threshold 
value, Cr»f, calculate a modified absorbance spec- 
trum JU«(X) according to 



A 9o4 (X) » (X) - Alat (X), and 

10 determine c y from the modified spectrum *»d(X) ac- 

cording to 

C y - Kr(X). Jk_4(X) r 

15 where Xy(X) is a predetermined vector and whereby 

the effect of interfering components on determined 
concentrations c y is minimised. 

39. A spectrophotometer according to claim 38/ wherein 
20 the interfering component is fetal hemoglobin. 

40. A spectrophotometer according to any of the pre- 
ceding claims 21-39 further comprising a spectral 
lamp for emission of light with at least one spec- 

25 tral line, and a processor/ iucludJ-ng a memory, 

that is adapted to determine the wavelength of the 
at least one spectral line and to c compare the de~ 
temined wavelength of said at least one spectral 
line with the assigned wavelength from an initial 

30 calibration procedure of said spectral line stored 

in the memory of the spectrophotometer , calculate 
a wavelength shift w and compensate the determined 
absorption spectrum of said sample for said wave- 
1 ngth shift. 
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A spectrophotometer according to claim 40, which 
is an oximeter, and wherein the spectral lamp 
emits light with at loaat one spectral line in the 
wavelength rango 4 80-670 nm, and said oximeter is 
further provided with at least two photodiodes 
each of which convert the emitted light from the 
spectral lamp into a current substantially propor- 
tional to the light intensity which strikes the 
photodiode, and wherein the processor of said ox- 
imeter calculates the ratio Fne« between the two 
photodiode currents. 

A spectrophotometer according to claim 41, wherein 
said spectral lamp is a neon lamp which is acti- 
vated when the temperature of the spectrometer de- 
viates more than a critical temperature differ- 
ence, such as more than about 0 ,2-0.5*0 from the 
previous F TO oTi measurement . 
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I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report sines they do not contain amendments,): 

Description, pages: 

1 -42 as received on 1 4/09/2000 with letter of 1 4/09/2000 

Claims, No.: 

1-42 as received on 14/09/2000 with letter of 14/09/2000 

Drawings, sheets: 

1 /9-9/9 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

4. Additional observations, if necessary: 

see separate sheet 
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1. Statement 



Novelty (N) 


Yes: 


Claims 


1-42 




No: 


Claims 




Inventive step (IS) 


Yes: 


Claims 


1-42 




No: 


Claims 




Industrial applicability (IA) 


Yes: 


Claims 


1-42 




No: 


Claims 





2. Citations and explanations 
s e separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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Re Item I 

Basis of the opinion 

(The application does not appear to involve extension beyond the originally filed 
disclosure, for the following reasons). 

Amended claim 1 seems to be based in its wording to a large extent on originally filed 
claim 1, with (i) an additional feature concerning the steep flank of the absorbance 
peak, (ii) a reference to a reference absorption spectrum Aq(A). The feature 
determining this wavelength shift from C^(K). A m (A) has been omitted, being relegated 
to claim 3. 

As far as can be seen, amendments (i) and (ii) are based on the original disclosure (i) 
at page 13, lines 3-5, and claim 5, and (ii) various references throughout the description 
concerning the wavelength shift of the absorption spectrum with respect to a reference 
spectrum of a reference sample containing the dye. Thus these amendments to claim 
1 can be considered to be a mere limitations in scope. 

The omission of feature comprising the formula can be considered NOT to represent an 
extension beyond the original disclosure, since original claim 18 although not a method 
claim, defined a concept which referred generally to a mathematical parameter and was 
not restricted to the parameter including the predetermined coefficient vector. This 
appeared in dependent claim 19, indicating it was a preferred calculation possibility to 
determine the wavelength shift. It is reasonable to imagine a method of equivalent 
scope to original claim 18, and this would have been of broader scope than original 
claim 1, so providing a support for the present broadening of claim 1. 

Claim 21 would also appear not to represent an extension. Likewise the dependent 
claims seem to be substantially based on the originally field claims, except for claims 5 
and 25, which seem to be based on page 6, line 14. 
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Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

The invention relates to a method of quality control checking of spectrophotometer., 
and a spectrophotometer arranged for such checking. 
Object of the invention is to improve such quality control checking.. 
Solution provided by the invention is as defined in claims 1 and 21, involving 
determining the wavelength shift of an actually measured spectrum of a quality control 
sample compared with a reference spectrum of said sample stored in the processor of 
the spectrophotometer. 
Prior art documents : 

D1...WO-A-9630742 deals with comparison between a current spectrum measurement 
and a reference one, stored in the instrument (see e.g. page 2, lines 10-25 of D1), but 
this involves a fitting technique which depends on intensity differences, more than a 
wavelength shift. 

D2...WO-A-9408225 involves using one spectrophotometer to calibrate another. 
D3...US-A-5592291 relates to a correction method for a spectrophotometer involving 
reading out data from a memory and correcting data for a target point in three 
dimensional space. 

D4...EP-A-0167816 describes the use of operational amplifiers to correct blood 
monitoring information. 

None of the documents disclose or seem to hint at the claimed method and apparatus. 
Re Item VIII 

Certain observations on the international application 

Lack of clarity: 

a. In claim 18, which according to the applicant relates to steps performed before those 
of claim 1 , the references to "the spectrophotometer" at lines 30 and 34, might be 
mistakenly taken to refer to the "reference spectrophotometer", when they apparently 
refer to the spectrophotometer of claim 1. The claim should have been clarified in this 
respect. 

Also page 9, lines 5-10 should have been corrected in this respect. 

b. The passage page 7, lines 5-14, seems to repeat features which are already in the 
statement on page 6 corresponding to claim 1. 
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The person identified below is hereby/has been appointed to act on behalf ( I t T^n common representative 
of the applicant(s) before the competent International Authorities as: I — 1 & 1 — 1 K 


Name and address: (Family name followed by given name; for a legal entity, full official 
designation. The address must include postal code and name of country.) 

Radiometer Medical A/S 

Patent Department 

Aakandevej 21 

DK-2 700 Broenshoe j 

Denmark 


Telephone No. 
+45 38 27 38 27 


Facsimile No. 
+45 38 27 27 27 


Teleprinter No. 
15411 


| 1 Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and the 

I 1 space above is used instead to indicate a special address to which correspondence should be sent. 



Form PCT/RO/101 (first sheet) (July 1998; reprint January 1999) 



See Notes to the request form 



Box No.V DESIGNATI 



Sheet No. 



•STATES 



The following designations are hereby made under Rule 4.9(a) (mark the applicable check-boxes; at least one must be marked): 
Regional Patent 

□ AP ARIPOPatent: GHGhana, GM Gambia, KE Kenya, LS Lesotho, MW Malawi, SD Sudan, SZ Swaziland, UG Uganda, 

ZW Zimbabwe, and any other State which is a Contracting State of the Harare Protocol and of the PCT 

□ EA Eurasian Patent: AM Armenia, AZ Azerbaijan, BY Belarus, KG Kyrgyzstan, KZ Kazakhstan, MD Republic of 

Moldova, RU Russian Federation, TJ Tajikistan, TM Turkmenistan, and any other State which is a Contracting State 
of the Eurasian Patent Convention and of the PCT 

03 EP European Patent: AT Austria, BE Belgium, CH and LI Switzerland and Liechtenstein, CY Cyprus, DE Germany, 
DK Denmark, ES Spain, FI Finland, FR France, GB United Kingdom, GR Greece, IE Ireland, IT Italy, LU Luxembourg, 
MC Monaco, NL Netherlands, PT Portugal, SE Sweden, and any other State which is a Contracting State of the European 
Patent Convention and of the PCT 

□ OA OAPI Patent: BF Burkina Faso, BJ Benin, CF Central African Republic^CG Congo, CI Cdte d'lvoire, CM Cameroon, 

OA Gabon, GN Guinea, GW Guinea-Bissau, ML Mali, MR Mauritania, Nti Niger, SN Senegal, TD Chad, TG Togo, and 
any other State which is a member State of OAPI and a Contracting State of the PCT 0 otter kind of protection or treatment 

desired specify on dotted line) 

National Patent (if other kind of protection or treatment desired, specify on dotted line): 



□ 


AL 


□ 


AM 


□ 


AT 


□ 


AU 


□ 


AZ 


□ 


BA 


□ 


BB 


□ 


BG 


□ 


BR 


□ 


BY 


□ 


CA 


□ 


CH. 


□ 


CN 


□ 


cu 


□ 


cz 


□ 


DE 


□ 


DK 




CP 


□ 


ES 


□ 


FI 


□ 


GB 


□ 


GD 


□ 


GE 


□ 


GH 


□ 


GM 


□ 


HR 


□ 


HU 


□ 


ID 


□ 


IL 


□ 


IN 


□ 


IS 




JP 


□ 


KE 


□ 


KG 


□ 


KP 


□ 


KR 


□ 


KZ 


□ 


LC 


□ 


LK 


□ 


LR 



Albania 

Armenia 

Austria 

Australia 

Azerbaijan 

Bosnia and Herzegovina 

Barbados 

Bulgaria 

Brazil 

Belarus 

Canada 

ind LI Switzerland and Liechtenstein 

China 

Cuba 

Czech Republic 

Germany 

Denmark 

Estonia 

Spain 

Finland 

United Kingdom 
Grenada 

Georgia 

Ghana 



LS 
LT 
LU 
LV 



Lesotho 
Lithuania 
Luxembourg 
Latvia 



Croatia 

Hungary 

Indonesia 

Israel 

India 

Iceland 

Japan 

Kenya 

Kyrgyzstan 

Democratic People's Republic of Korea 



Republic of Korea 

Kazakhstan 

Saint Lucia 
Sri Lanka 
Liberia 



□ 
□ 
□ 
□ 
□ 
□ 
□ 

□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
m 

□ 
□ 
□ 
□ 

Check-boxes reserved for designating States (for the purposes of 

' — il patent) which have become party to the PCT after 

of this sneet: 



MD Republic of Moldova 

MG Madagascar 

MK The former Yugoslav Republic of Macedonia 

MN Mongolia 

MW Malawi 

MX Mexico 

NO Norway 

NZ New Zealand 

PL Poland 

PT Portugal 

RO Romania 

RU Russian Federation 

SD Sudan 

SE Sweden 

SG Singapore 

SI Slovenia 

SK Slovakia 

SL Sierra Leone 

TJ Tajikistan 

TM Turkmenistan 

TR Turkey 

TT Trinidad and Tobago 

UA Ukraine 

UG Uganda 

US United States of America 



UZ 
VN 
YU 
ZW 



Uzbekistan 
Viet Nam . . 
Yugoslavia 
Zimbabwe . 



a national 
issuance 



□ 
□ 
□ 



Precautionary Designation Statement: In addition to the designations made above, the applicant also makes under Rule 4.9(b) all other 
designations which would be permitted under the PCT except any designation(s) indicated in the Supplemental Box as being excluded 
from the scope of this statement. The applicant declares that those additional designations are subject to confirmation and that any 
designation which is not confirmed before the expiration of 15 months from the priority date is to be regarded as withdrawn by the applicant 
at the expiration of that time limit (Confirmation of a designation consists of the Ming of a notice specifying that designation and the payment of 
the designation and confirmation fees. Confirmation must reach the receiving Office within the 15-month time limit) 



Form PCI7RO/101 (second sheet) (January 1999) 



See Notes to the request form 



Box No. VI PRIORITY C 



Sheet No. 



□ 

Further priorUPPTaims are indicated in the Supplemental Box. 



Filing date 
of earlier application 
(aay/month/year) 


Number 
of earlier application 


Where earlier application is: 


national application: 
country 


regional application:* 
regional Office 


international application: 
receiving Office 


item(l) 12 June 1998 
(12/06/98) 


1998-00783 


DK 






item (2) 










item (3) 











[x"[ The receiving Office is requested to prepare and transmit to the International Bureau a certified copy 
— of the earlier application(s) (only it the earlier application was filed with the Office which for the 
purposes of the present international application is the receiving Office) identified above as item(s): 

* Where the earlier application is an ARIPO application, it is mandatory to indicate in the Supplemental Box at least one country party to the Paris 
Convention for the Protection of Industrial Property for which that earner application was filed (Rule 4. 10(b) (ii)). See Supplemental Box. 



Box No. VII INTERNATIONAL SEARCHING AUTHORITY 



Choice of International Searching Authority (ISA) 

(if (wo or more International Searching Authorities are 
competent to carry out the international search, indicate 
the Authority chosen; the two-letter code may be used): 

ISA 7 SE 



Request to use results of earlier search; reference to that search (if an earlier 
search has been carried out by or requested from the International Searching Authority); 



Date (day/month/year) 



Number 



Country (or regional Office) 



Box No. Vm CHECK LIST; LANGUAGE OF FILING 



This international application contains 
the following number of sheets: 

request : ^ 



description (excluding 
sequence listing part) 

claims 

abstract 

drawings 

sequence listing part 
of description 

Total number of sheets 



41 

8 
1 
9 



62 



This international application is accompanied by the item(s) marked below: 

1. W fee calculation sheet 

2. □ separate signed power of attorney 

3. □ copy of general power of attorney; reference number, if any: 

4. □ statement explaining lack of signature 

5. □ priority document(s) identified in Box No. VI as item(s): 

6. □ translation of international application into (language): 

7. □ separate indications concerning deposited microorganism or other biological material 

8. □ nucleotide and/or amino acid sequence listing in computer readable form 
9.0 other (spec/J^ Search Re P ort DK 1998-00783 



Figure of the drawings which © 
should accompany the abstract: G 


Language of filing of the Encrli sh 
international application: ^ 


Box No. IX SIGNATURE OF APPLICANT OR AGENT 



Next to each signature, indicate the name of the person signing and the capacity in which the person signs (if such capacity is not obvious from reading the requfstl 

RADIOMETER MEDICAL A/S 



Lene Meineclie Marnaes 
Patent Department 



Heine Hansen 



1. 


Date of actual receipt of the purported 
international application: 


ror recei 




2. Drawings: 


3. 


Corrected date of actual receipt due to later but 
timely received papers or drawings completing 
the purported international application: 






| | received: 


4. 


Date of timely receipt of the required 
corrections under PCT Article 11(2): 






| | not received: 


5. 


International Searching Authority T q A / 
(if two or more are competent): loA / 




6. | 1 Transmittal of search copy delayed 
1 1 until search fee is paid. 





For International Bureau use only 



Date of receipt of the record copy 
by the International Bureau: 



See Notes to the request form 



Form PCT/RO/101 (last sheet) (July 1998; reprint January 1999) 



ENT COOPERATION TRE 



WO 99/66310 
PCT/DK99 00313 



From the INTERNATIONAL BUREAU 



PCT 

NOTICE INFORMING THE APPLICANT OF THE 
COMMUNICATION OF THE INTERNATIONAL 
APPLICATION TO THE DESIGNATED OFFICES 

\r\s l Ku(6 4/. 1(C), t i r si senience/ 


To: 

RADIOMETER MEDICAL A/S 
Patent Dept. 
Aakandevej 21 
DK-2700 Broenshoej 
DANEMARK 


Date of mailing (day month.year) 

23 December 1999 (23.12.99) 




Applicant's or agent's file reference 
P221WO 


IMPORTANT NOTICE 


International application No. 

PCT/DK99'00313 


International filing date (day/month/year) 

10 June 1999 (10.06.99) 


Priority date (day/month/yea r) 

12 June 1998 (12.06.98) 


Applicant 

RADIOMETER MEDICAL AS et al 



1 . Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices on the date indicated above as the date of mailing of this Notice: 

EP,JP,US 

in accordance with Rule 47.1 (c). third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 

None 

The communication will be made to those Offices only upon their request Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 49.1 (a-bis)). 

3. Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
23 December 1999 (23.12.99) under No. WO 99/66310 

REMINDER REGARDING CHAPTER II (Article 31(2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 19 months from the priority date. 

ft is the applicant's sole responsibility to monitor the 19-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to file a demand for international preliminary examination. 

REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

if the applicant wishes to proceed wtth the international application in the national phase, he must, within 20 months 
or 30 months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further important information on the time limits and acts to be performed for entering the national phase, see the 
Annex to Form PCT/IB/301 {Notification of Receipt of Record Copy) and Volume II of the PCT Applicant's Guide. 





Authorized officer 




The International Bureau of W1PO 






34, chemin des Colombettes 


J. Zahra 




1211 Geneva 20, Switzerland 






Facsimile No. (41-22) 740.14.35 


Telephone No. (41-22) 338.83.38 




Form PCT IB308 (July 1 996) 




3015815 



Continuation of Form PCT/IB/31 

NOTICE INFORMING THE APPLICANT OF THE COMMUNICATION OF 
THE INTERNATIONAL APPLICATION TO THE DESIGNATED OFFICES 



WO 99/66310 
PCT/DK99.00313 



Date of mailing {day month year) 

23 December 1999 (23.12.99) 



IMPORTANT NOTICE 



Applicant's or agent's file reference 
P221WO 



International application No. 

PCT/DK99/00313 



The applicant is hereby notified that, at the time of establishment of this Notice, the time limit under Rule 46.1 for making 
amendments under Article 19 has not yet expired and the Internationa! Bureau had received neither such amendments nor a 
declaration that the applicant does not wish to make amendments. 



"orrr. °C~ iS 30* ' cont'n-i3tiOn sheet) 'July 1 9961 



301 S3 15 



.ft 



The demand must he filed directh w,th the compete,,! Intemattonal Prelimnary Eximmmg Authom> or. tftwo or more Author**! are competent, 
w,* the one chosen by the apphcant The full name or two-letter code of thai Authority may be ndxaled by the applicant on the Une below 

IPEA/_^ 



PCT 



CHAPTER II 



DEMAND 

under Article 3 1 of the Patent Cooperation Treat) 
The undersigned requests that the international application specified below be the subject of 
international preliminary examination according to the Patent Cooperation Treaty and 
hereby elects ail eligible States (except where oihciwise indicated). 



Identification of D?EA 



For International Preliminary' Examining Authority use only 



Date of receipt of DEMAND 



Box No. I IDENTIFICATION OF THE INTERNATIONAL APPLICATION 



International application No 
PCT/DK99/00313 



International filing date (day/ month year) 
10 June 1999 (10.06.99) 



Applicant's or agent's file reference 
P221WO 



(Earliest) Priority date (daymcnthyear) 
12 June 1998 (12.06.98) 



Title of invention 

A method in Quality Control of a Spectrophotoiaeter 



Box No. □ APPLICANT(S) 



Name and address. tFamtlv name foOcmd by given name: for a legal entity. fuU affinal designation. 
The address must include postal code and name of country ) 



Radiometer Medical A/S 
Aakandeve j 21 
DK-2700 Broenshoe j 
Denmark 



Telephone No 

+45 38 27 38 27 



Facsimile No.. 

+45 38 27 27 27 



Tclcprimer No.: 
15411 



State (that is. country / of nationality: 



DK 



State (that is. country) of residence: 



DK 



Name and address famfynamtfoU^bypwrvme: for a legal entry. JuU offiaai designation The address must delude postal code and name of country., 

HANSEN, Heine 
Jaettevej 4 
DK-3650 01stykke 
DEnmark 



State (that is. countryi of nationality 



DK 



State (that xs. country) of residence: 



DK 



Name and address. tFamiiy name ;biio*ed by g^en name: for a legal entity. JuU official designation The oddrtss must mclude postal code and name of country., 



State ithat is. countryi of nationality 



State i thai is. country > of residence 



[ | Further applicants are indicated on a continuation sheet. 



Form PCT IPEA401 vrirst sheet n,July 1998. rcpnnt July 1999) 



See S'otes to the demand form 



Sheet No 



Intcr^on^^o^No 



PCT/ 



Boi No. Ill AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The follow mg person is | | agent |* | common representative 

and | x | has been appointed earlier and represents the applicant(s) also for international preliminary examination 

[ 1 is hereby appointed and any earlier appointment of (an) age ntfsV common representative is hereby revoked. 

j j is hereby appointed, specifically for the procedure before the international Preliminary Examining Authority, in addition io 
the agent(s) common representative appointed earlier 



Name and address (Family name followed by given name, for a legal entity, full official designation. 
The address must include postal zode and name of country.) 

Radiometer Medical A/S 

Patent Department 

Aakandevej 21 

DK- 2 700 Broenshoe j 

Denmark 


Telephone No.: 

+45 38 27 38 27 


Facsimile No.: 

+45 38 27 27 27 


Teleprinter No. : 
15411 


1 Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and the 
I — 1 space above is used instead to indicate a special addr ess to which correspondence should be sent. 



Box No. IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION 



Statement concerning amendments: " 

1 The applicant wishes the international preliminary examination to start on the basis of: 

1 the international application as originally filed 



the description 


□ 


as 




□ 


as 


the claims 


□ 


as 




□ 


as 




□ 


as 


the drawings 


□ 


as 




□ 


as 



2 1 1 The applicant wishes any amendment to the claims under Article 19 to be considered as reversed. 

3 | | The applicant wishes the start of the international preliminary examination to be postponed until the expiration of 20 months 

from the priority date unless the International Preliminary Examining Authority receives a copy of any amendments made 
under Article 19 or a notice from the applicant that he does not wish to make such amendments (Rule 69 1(d)) (This check- 
box may be marked only where the time limit under Article 19 has not yet expired,) 

* Where no check-box is marked, international preliminary examination will start on the basis of the international application 
as originally filed or, where a copy of amendments to the claims under Article 19 and/or amendments of the international application 
under Article 34 are received by the International Preliminary Examining Authority before it has begun to draw up a written opinion 
or the international preliminary examination report as so amended. 



Language for the purposes of international preliminary examination: .English 
|~X which is the language in which the international application was filed. 
[ w hich is the language of a translation furnished for the purposes of international search. 
|~* which is the language of publication of the international application. 

[ which is the language of the translation {to be) furnished for the purposes of international preliminary examination. 



Box No. V ELECTION OF STATES 



The applicant hereby elects all eligible States 'that is. all States which have been designated and which are bound by Chapter II of 
the PCT> 

excluding ihe following States which the applicant wishes not to elect: 



Form PCT IPEA401 (second sheet) (July 1998. repnni July 1999) 



See Xotes to the demand form 



3 

Sheet No 


International application No 
PCT/DK99/00313 


Box No VI CHECK LIST 


The demand is accompanied by the tollowtng elements, in the language rcterrcd to :n 
Box No IV. for the purposes of international preliminary examination 




For International Preliminary 

r Yimmino A ittVmnfv nc^ *tnlv- 

c.\aiiiiiiiii^t /au Liiui 1 1 > use oni» 
received not received 


1 translation of international application sheets 




□ □ 


2. amendments under Article 34 sheets 




□ D 


3. copy (or, where required, translation) of 

amendments under Article 19 sheets 




□ □ 


4. copy (or, where required, translation) of 

statement under Article 19 sheets 




□ □ 


5. letter *heets 




□ □ 


6. other f specify) sheets 




□ □ 


The demand is also accompanied by the Ucm(s) marked below 






I. QxJ fee calculation sheet 4 CD «atcm«it "plaining lack of signature 


2 I 1 separate signed power of attorney 5. 1 1 nucleotide and or amino acid sequence listing in 
* ' *—* computer readable form 

3 | | copy of general power of attorney. 

1 1 reference number, if any 6 LJ otheT 


Box No. VD SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 


Sen to each agnmre. tm&ca* the name of the perm ngrnng and the capacity m which the person agm fif such capacity a not obvious firm reading the demand). 


RADIOMETER MEDICAL A/S 






yi±a< fa 

Lene Meineche Marrwes 
Patent Department 











1 


Date of actual receipt of DEMAND: 


2. 


Adjusted date of receipt of demand due 
to CORRECTIONS under Rule 60. 1(b): 


3 


1 1 The date of receipt of the demand is AFTER the expiration of 1 9 months f— | The applicant has been 

L— 1 from the priority date and item 4 or 5, below, does not apply ' — * informed accordingly 


4. 


The date of receipt of ihe demand is WITHIN the pcnod of 19 months from the pnonry date as extended by virtue of 
1 1 Rule 80.5. 


5 


r~ 1 Although the date of receipt of the demand is after the expiration of 19 months from the priority date, the delay in arrival 
1 1 is EXCUSED pursuant to Rule 82. 





Demand received from fPEA on: 



Form PCT IPEA401 (last sheet) (July 1998, rcpnnt July 1999) 



See Sotes to the demand form 



